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A STUDY OP A TOXIC SUBSTANCE OF THE PANCREAS.* 

By E. W. GOODPASTURE and QEORQE CLARK. 

(From the Hunterian Laboratory 0/ Experimental Pathology, 
The Johns Hopkina Medical School,) 

The interesting pathology of acute hflemorrhagic pancreatitis has 
led investigators to search the pancreas for poisonous material^ the 
absorption of which from the necrosed gland might explain the pro- 
found intoxication associated with the disease. Researches in this 
direction have led to the discovery that autolyzing pancreas is toxic. 
That is to say^ if a fresh sterile pancreas of one dog is placed in the 
peritoneal cavity of another, as the gland autolyzes, the latter animal 
rapidly manifests symptoms of poisoning comparable to those occurr- 
ing in spontaneous hsBmorrhagic pancreatitis. Two main views are 
held regarding the nature of the toxic agent. The one identifies it 
with active trypsin, the other with split-products of proteid resulting 
from digestion. Lattes has recently shown that trypsinogen is activated 
by something present in the dead pancreas cells, so that trypsin 
digestion takes place fairly rapidly in the autolyzing gland. This fact 
would, of course, support either of the two theories, though Lattes him- 
self inclines toward proteid split-products as the toxic substance. 

Our interest was directed to this study while engaged in an investi- 
gation with Whipple of the peritoneal exudate in experimental acute 
hsemorrhagic pancreatitis, which was found to be non-toxic; and as 
we could discover in the literature no really serious attempt to isolate 
a toxic agent from the fresh or autolyzed pancreas, it seemed of interest 
to undertake experiments with the idea of purifjring the toxic part of 
the gland as much as we could, and of studying its physiological effects 
when more or less isolated from other material. We have used for these 
experiments the pancreas of the dog, which limited our observations to 
relatively small quantities of material. Yet it has been possible to show 
that (a) a toxic constituent is present in the fresh gland before tryp- 
sinogen can have been activated; (b) each pancreas contains about one 
lethal dose for an animal of equal size; (c) the toxic fraction is present 
in the B-nucleo-proteid, and therefore is thermo-stable ; (d) it is gradu- 

• Abstract 
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2 E. W. Goodpasture and George Clark. 

ally destroyed by autolysis, but can be obtained in a concentrated form 
from a 24-hour autolyzed gland; (e) it is itself a proteid or is in a 
physical or chemical combination with a proteid; (f) the injection 
intravenously or intraperitoneally of an intoxicative dose elicits symp- 
toms comparable to those present in acute haBmorrhagic pancreatitis. 

Fbesh Panobeas Extbagt. 

The gland is removed from a dog under aseptic conditions. It is cut 
finely and ground with washed sand. Fifty cubic centimeters of 
.9 per cent NaCl solution in water are added and mixed thoroughly by 
grinding the macerated gland. The material is then filtered through 
gauze and cotton. The filtrate injected intravenously into another ani- 
mal causes a rapid fall in blood pressure with a more gradual^ but 
prompt, return to normal or above, and a delay in blood-coagulation 
time. In from 1 to 3 hours after the injection symptoms of extreme 
intoxication appear, persistent vomiting of bile-stained mucus, profuse 
diarrhoea which becomes bloody, often bleeding from the gums, pro- 
found fall in the blood-pressure, in the leucocytes, and in body tempera- 
ture, slow deep respiration, a weak rapid heart, rigidity of the abdomen, 
and finally coma and death, if the dose be sufficient. If the dose be not 
lethal, the animal gradually recovers, the temperature rises rapidly 
above norma], the leucocytes more gradually increase far above normal, 
the vomiting and diarrhoea subside, so that within 12 hours after 
injection the animal may appear quite normal after a very severe 
intoxication. 

Autopsy of a fatally poisoned animal shows extreme splanchnic 
congestion, especially apparent in the upper part of the small intestine, 
the mucosa of which is deep purple in color from congestion and haemor- 
rhage. Numerous necroses or haemorrhages are present in the liver. 
The gall-bladder is oedematous; the stomach and intestines are filled 
with bile, intestinal juices and mucus. 

B-NUOLEO-PROTEID FROM PancBEAS. 

Fresh pancreas is chopped finely and groimd in a mortar with sand, 
thoroughly stirred with twice its weight of distilled water and heated 
to the boiling point for 10 minutes. The interstitial fluid is poured off 
and filtered hot through ordinary filter paper; the residue is again 
heated to boiling with one-half the original volume of water. This is 
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filtered hot and the residue squeezed in gauze. The filtrate, which 
is opalescent, is again filtered, acidified until it contains 1 per cent 
acetic acid, and a creamy white fiocculent ppt. forms. The fiuid is 
cooled in running water and the ppt. completely thrown out by the 
addition of an equal volume of 95 per cent alcohol. Place in ice-box 
for 6 to 12 hours. Filter or centrifuge off the supernatant fiuid. The 
ppt. is redissolved in distilled water made slightly alkaline with dilute 
NaCO,, and reprecipitated by being rendered slightly acid with dilute 
acetic acid. This process is repeated several times to get rid of soluble 
impurities. The precipitate is then washed with alcohol and ether and 
dried in a desiccator. Of this material .1 gm. per kilo produces a 
profound intoxication and sometimes death in young animals. It is 
dissolved in 10 or 20 cc. of very dilute NaCO, and injected intra- 
venously. 

Concentrated Pbotbid Poison. 

The most concentrated toxic material has been obtained from auto- 
lyzing pancreas. Ground fresh pancreas is mixed with twice its weight 
of distilled water made slightly alkaline to litmus with NaCO,. 
Chloroform is added and the mixture covered with toluol. It is placed 
in the incubator and digested at body temperature for 12 to 24 hours, 
being shaken at intervals. It is then made acid to litmus, boiled for 
10 minutes and filtered hot through an ordinary filter paper. The 
clear yellow filtrate is made acid up to 2 per cent acetic acid, cooled 
in running water or in the ice-box, and left to stand 2 hours or longer. 
A fiocculent precipitate forms. This is centrifuged and the super- 
natant slightly cloudy fiuid is decanted. The precipitate is redissolved 
in dilute alkali and reprecipitated by acidif3ring with a few drops of 
very dilute ( 1 per cent) acetic acid. This is repeated imtil the decanted 
fiuid gives no cloud with a drop of 1 per cent HCl. It is then washed 
with alcohol and ether and dried in a desiccator. This material is 
brownish, rather tough, easily soluble in warm dilute alkali, and has a 
tendency to jell on cooling in very dilute alkaline solutions. It gives 
a strong light-purple biuret reaction. In doses of .06 gm. per kilo intra- 
venously or intraperitoneally it produces severe intoxication, which is 
usually lethal in young animals. The symptoms are those described as 
following an injection of fresh extract of pancreas, though the primary 
fall in blood-pressure is very slight. 
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OLD AGE IN RELATION TO CELL-OVEBGBOWTH AND 

CANCEB.* 
By E. W. GOODPASTURE and Q. B. WI9L0CKI. 

(From the Hunterian Laboratory of Experimental Pathology* 
The Johns Hopkini Medical School.) 

The condition of multiple tumor formation in many organs and 
tissues of old dogs^ which we shall describe^ has an important signifi- 
cance^ we believe^ in relation to the age incidence of cancer in man and 
the lower animals. It illustrates strikingly the tendency of cells of 
senescent organs to take on new growth which may result in a malig- 
nant tumor. Although our series of animals is yet small, it is fairly 
complete, in that we have found tumor formation in nearly every 
glandular organ and in other tissues of the body. 

In only one case was it possible for us to learn even the approximate 
age of the animal. This one had been in the possession of its owner for 
14 years, and judging from appearances few of those in which we have 
found tumors were younger. We have been directed in our diagnosis 
of senility by familiar evidences, such as the loss of teeth, the presence 
of cataract and the appearance of decrepitude. Most of our animals, 
however, have shown only the absence of front teeth and wasting of 
others as a conspicuous sign. In no animal with extensive wasting 
and loss of teeth have we failed to find tumors in more than one organ. 
We may say also that we have never failed to find multiple tumors in 
any dog which we had classified as old before autopsy, whereas in 
hundreds of normal younger animals we have never observed a similar 
condition. All the old dogs were mongrels varying greatly in size and 
general features. 

The uniform and coincident occurrence of the tumors, the fact that 
they are usually multiple in each organ, and a certain similarity in 
their mode of formation and growth make us feel that they are an 
expression of a common cause, the picture varying with the character of 
the tissue in which they occur. There are indications that the process 
begins as a regressive change, that is to say, certain cells first cease to 
function and later these areas take on new growth. This may be fol- 
lowed best in the thyroid. Here there is first a cessation of function in 

* Abstract of a paper published in Jour. Med. Research, January, 1916. 
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multiple foci consisting of a few acini. This is indicated by disinte- 
gration of colloid^ and shrinking of the acini, the epithelial cells 
becoming larger owing to an increase of cytoplasm which is more 
granular, apparently, than normal. In some of these acini, before their 
lumina have completely disappeared and while atypically staining 
granules of colloid still persist, we find evidence already of beginning 
proliferation in the increase in the number of cells at points along the 
epithelial linings. Later the former acinus becomes a solid column of 
epithelium. The atrophic area is thus converted into a small tumor 
which increases in size both by proliferation of its own cells and by 
coalescing with other similar areas. 

Though we may not follow with equal clearness the progress of these 
changes in all the organs, we do find in most instances quite comparable 
phenomena. In the ovary a degeneration of ova, in the testicle absence 
of spermatogenesis, in the liver atrophy of bile capillaries, and an 
absence of bile formation in the tumors, atrophy of the adrenal cortex, 
and of lymphoid tissue, accompany focal proliferative changes in these 
tissu^es. Both degenerative and proliferative changes are usually 
multiple in each organ, and we do not often find proliferation without 
evidences of degeneration. 

Thus we are led to the interpretation that proliferation leading to 
tumor formation occurs in these cases in the cells of f imctionally invo- 
luting tissues; and, since the changes occur simultaneously in so many 
parts of the body, it is only natural to assume a common cause for their 
origin. We can imagine no other than senescence. Assuming, how- 
ever, an equal age for these animals, we do not find that each organ in 
the various cases presents corresponding changes, nor are the same 
organs affected in each instance. This is to be explained, we think, by a 
variable absolute longevity of organs and tissues of an individual. As 
the individual longevity of different species varies tremendously, and 
as the functional life of certain organs of the same individual is rela- 
tively short, so the period of functional existence of each organ and 
tissue of different individuals of the same species probably has its natu- 
ral limit, which may be shortened, or lengthened perhaps, by circum- 
stances in the individual life. Consequently, an organ of one individual 
may earlier show evidences of disintegration than the same organ of 
another, and with the disintegration a tendency to proliferate. 

In a general way the process seems to us to be a mode of disorgani- 
zation of the individual, a coincident involution of constituent groups 
of units, units, which even at the expense of the individual sustained 
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by their harmonious function, may under certain conditions strive to 
perpetuate their own life as more or less independent organisms when 
the natural period of the ability to function expires. 

All the new growths we have described, except an adrenal medulla 
tumor which metastasized to the liver, were benign, in the sense that 
they did not extensively invade surroimding structures, nor metastasize. 
Whether they would eventually exhibit these malignant characters, and 
in what proportion, our series is too small to permit us to say. Sur- 
gical pathology has taught us, however, that such apparently benign 
overgrowths as senile parenchymatous hypertrophy and intra-cystic 
papilloma of the breast, both of which have a maximal incidence during 
functional involution of the gland, are dangerous precancerous lesions. 
Certainly the histological evidences of rapid growth, such as some of the 
above described tumors in dogs present (very numerous mitotic figures, 
variations in size, shape, and staining reactions of the cells) would 
indicate the possibility of rapid extension. 

We have purposely made no attempt to classify the various tumor 
forms, preferring to look upon them simply as manifestations of a pro- 
gressive process rather than as more or less distinct morphological 
units. 

The following chart indicates the occurrence of tumors in various 
organs of each animal : 

ORGANS. 
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THE EFFECT OF REMOVAL OF THE SPLEEN UPON THE 
METABOLISM IN DOGS. PRELIMINARY REPORT. 

By J. H. KING. 

(From the Hunter ian Laboratory of Experimental Pathology and the 
Laboratory of the Chemical Division of the Medical Clinic.) 

The object of the experiments briefly reported here was to ascertain 
what effect removal of the spleen would have upon the general metabo- 
lism in dogs. Animals of about the same weight were chosen and fed 
upon a diet which was calculated to bring them as nearly as possible 
into nitrogenous equilibrium. The various factors of metabolism were 
then studied for a period of days on a known diet At the conclusion 
of this period the spleens were removed, and after time had been 
allowed for complete recovery from the operation, the metabolic studies 
were continued. The animals were upon the same diet as in the pre- 
liminary period. 

The results may be summarized briefly as follows : 

Nitrogenous Metabolism, — There is slight increase in the daily 
average output of total nitrogen after removal of the spleen. The 
increase, while greater than that shown in the control dog, is not of 
suflBcient degree to indicate any important disturbance in the nitrogen 
balance. The urea fraction shows no constant change, the variations 
being practically within the normal limits. There occurred a slight, 
actual increase in the output of ammonia after splenectomy. 

Viewed as a whole, the results of these experiments indicate that no 
disturbance of importance occurs in the metabolism of the proteins 
after the spleen has been removed from participation in the body 
metabolism. Goldschmidt and Pierce, as well as many other investi- 
gators, have reached similar conclusions. 

Carbohydrate Metabolism, — ^The assimilation limit for dextrose, 
given in aqueous solution by the stomach tube, was not changed after 
splenectomy. Furthermore, the percentage of sugar in the blood was 
not disturbed by removal of the spleen. Hence it must be concluded 
that the spleen has no apparent effect upon the metabolism of the carbo- 
hydrates. This, however, does not exclude the possibility that the 
spleen and pancreas may be correlated. 
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The interesting results of Sweet and Ellis^ showing that after liga- 
tion of the pancreatic ducts in dogs^ the spleen undergoes marked 
atrophy^ make it probable that these organs are correlated in some of 
their functions. 

Fat Metabolism. — After splenectomy there occurs a decrease in the 
percentage of the average total fats eliminated in the faeces (i. e., the 
percentage of total fats to the output of faeces). The average natural 
fat percentage of the total fats remains the same after as before removal 
of the spleen. The free fatty acid fraction of the total fats is consider- 
ably increased after splenectomy, whereas the bound fatty-acid fractions 
show but little change. The blood lipase remains practically constant. 

There is evidence, therefore, that the spleen takes some part in the 
fat metabolism, controlling to some degree the absorption of fats as 
well as the elimination of fatty acids. 

The Mineral Metabolism. — A study was made of the chloride and 
calcium elimination after splenectomy. A considerable decrease in the 
chloride output was found in the urine. Variations in the amount of 
urine voided were not suflBcient to account for the difference. 

An interesting disturbance in the calcium output was observed. 
After splenectomy there occurred practically no changes in the fraction 
of calcium put out in the urine, but the fraction in the faeces was very 
definitely increased, entirely out of proportion to the difference in the 
average output of faecal bulk. 

The significance of this increased elimination of calcium is not at 
once apparent. Whether it stands in relation to the increased output 
of fatty acids, being eliminated as soaps, remains to be answered by 
further investigation. 

Purin Metabolism. — During these experiments, the animals were 
put on a milk diet, and the elimination of endogenous uric acid was 
studied. No variation of any moment was found. The body apparently 
handles the metaboli^n of its endogenous uric acid just as efSciently 
without as with the aid of the spleen. 

Discussion. — In a general sense, it can be said the metabolic processes 
of the body are but little infiuenced by removal of the spleen. The most 
striking changes are in the fat metabolism. Here, after splenectomy, 
there occurs an increase in the fats and cholesterin in the blood, 
together with an increased absorption of fats and an increased elimina- 
tion of fatty acids. This, as has been pointed out in a previous paper, 
results in giving to the blood an increased eflSciency against haemolytic 
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agents, and explains, to some extent, the improvement following 
splenectomy in hsemolytic types of anaemia. The increased elimination 
of calcium following splenectomy is interesting, and suggests that this 
loss of calcium to the body might stand in some causal relation to the 
clinical tendency of these cases towards haemorrhages. The calcium 
disturbance, however, can hardly be of very great moment, since it has 
been found that puppies, from which the spleen has been removed^ 
grow just as rapidly and to the same adult skeletal type as normal con- 
trols from the same litter. 

The results of this study do not bring to light any group of findings 
which can be correlated into a clinical symptom-complex dependent 
upon a loss of function of the spleen. 

A fuller and detailed report of these experiments will be published 
in the near future. 
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THE EFFECT OF REMOVAL OF THE SPLEEN UPON 
BLOOD TRANSFUSION. 

By J. H. KING, B. M. BERNHEIM and A. T. JONES. 

(From the Hunterian Laboratory of Experimental Pathology.) 

The changes which occur in the fat and lipoid content of the blood, 
after removal of the spleen, giving to it increased resistance against 
haemolytic agents, as well as the improvement in the blood picture in 
certain types of haemolytic anaemias after splenectomy, raised the 
question whether animals, after their spleens had been removed, might 
retain transfused blood longer than normal controls. 

Dogs were the animals chosen for investigation and the transfusions 
were done by the indirect method. 

Series I. — Transfusions from one normal to another normal dog. From 
150 to 190 cc. of blood were transfused, causing a considerable plethora 
ranging from 1,000,000 to 2,000,000. This plethora diminished rapidly, with 
the result that the normal blood count reappeared at the end of 48 hours. 
One case showed a marked hemoglobinuria. 

SEBncs II. — Transfusion from a normal dog into a splenectomized dog. 
The results in this series were indeed striking. Amounts of blood ranging 
from 100 to 125 cc were transfused by the same method, causing a well 
marked plethora. In contrast to what occurred in Series I, this plethora 
continued very much longer, so that the animal's blood returned to its 
value before transfusion only after some 16 to 24 days. 

Sebsss III. — Transfusion from a splenectomized dog into a normal dog. 
About 100 cc. of blood from splenectomized animals were transfused into 
normal animals. There resulted a plethora, which lasted on an average for 
from 2 to 4 days; after this interval the dog's blood resumed the same 
numerical values as before operation. 

No hsemoglobinuria or hsematuria occurred, showing that the blood of a 
splenectomized animal does not possess hasmolyzing properties. 

Discussion. — ^When the spleen is removed from the body there 
appears to residt an increased power of retaining transfused blood. 
Splenectomized dogs retain this increase in the R. B. C. and Hb. for 
periods of from 16 to 24 days, in contrast to a 1 to 2 days' period for 
normal controls. This increased ability on the part of the body after 
splenectomy to retain blood for a long time may have great practical 
importance. 
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It has been found that splenectomy will initiate a remission in per- 
nicious an»mia when all other means fail. The regeneration of blood 
which follows indicates that the bone-marrow is relieved of some great 
strain. Furthennore, the change from increased values of the urobilin 
coeflBcient in the faeces to normal values, following splenectomy in per- 
nicious anaemias, suggests that the hsemolyzing factor of this disease has 
been, at least, temporarily inhibited. It would seem unreasonable to 
expect a bone-marrow, which has been under such a great strain as 
pernicious anaemia imposes upon it, not to show traces of its previous 
decompensation, even after the disease had been arrested, temporarily, 
at least, by splenectomy. It would appear just as irrational to allow a 
diseased bone-marrow which has been relieved of its strain to go without 
supportive treatment as to neglect to treat, from time to time, a dis- 
eased heart which has been restored to compensation. Just as in the 
latter case, when signs of a decompensation appear, they are combated 
by rational therapy, so in the treatment of pernicious anaemia cases after 
splenectomy, it is incumbent upon the physician to watch for signs of a 
returning weakness of the bone-marrow, and to apply therapeutic mea- 
sures at once. 

As long as the blood-count is increasing and remains reasonably high, 
and the urobilin values stay within normal limits, there need be little 
concern. When the latter begins to increase and the blood counts fall, 
then the bone-marrow needs help. Medical therapy may be often 
hopelessly inadequate. Transfusions appear to oflfer us the best means 
of warding off a return of the disease. A case of pernicious anaemia 
recently treated in the hospital by this therapy showed that after 
splenectomy the benefits of transfusion were retained much longer than 
was the case before removal of this organ. Repeated transfusions 
brought the blood in this case up to normal values. 

Indeed, it may be hoped that repeated transfusions at regular inter- 
vals may prevent any return of the disease. Considering the undis- 
puted fatality of this disease, such a therapeutic procedure should be 
given a thorough trial. 

Should clinical experience substantiate the claims of experimental 
medicine in regard to the eflScacy of repeated transfusion after sple- 
nectomy in the therapy of the pernicious anaemia, a great advance will 
have been made in combating this disease. 

A fuller and more detailed report of these experiments will be -pub- 
lished later. 
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STUDIES ON PARATHYROID TETANY.* 

By D. WRIGHT WILSON, THORNTON 8TEARN8, J. H. JANNEY, Jr., 
and MADGE DeG. THURLOW. 

(From the Laboratory of Physioloffical Chemistry and the Hunterian 
Laboratory of Experimental Pathology, The Johns Hopkim University, 
Baltimore.) 

The extirpation of the parathyroid glands from animals causes the 
development of a condition of tetany with accompanying abnormali- 
ties of metabolism abont which our knowledge is but fragmentary. 
Certain data derived from metabolic studies have suggested that a con- 
dition of acidosis results. The evidence in the past, however, has been 
rather conflicting. The possibility that there may be a condition of, 
or tendency toward, an alkalosis after parathyroidectomy has received 
no attention. This hypothesis is interesting in connection with the 
following facts. Alkalies are known to increase the symptoms of 
tetany. Sodium bicarbonate has been shown to be distinctly harmful, 
and sodium and potassium acetates apparently act in the same way. 
Sodium chloride is innocuous in isotonic solution. 

We have shown that the intravenous injections of N/3.7 or N/7 
hydrochloric acid solutions relieved parathyroid tetany in dogs. The 
period elapsing before the return of the symptoms varied somewhat 
according to the amount of acid introduced, but in some cases extended 
over several days. 

In support of the evidence offered in favor of acid injections, we have 
observed relief in several cases when acid was introduced by the mouth. 
The diflSculties of this procedure, however, render it of uncertain value. 
In tetany the stomachs of most dogs are so sensitive that no material 
can be retained. We were fortunate to obtain one animal which, by 

* This article is an abstract of the following papers: (1) The Bffect of 
Acid Administration on Parathyroid Tetany. D. Wright Wilson, Thornton 
Steams, and J. H. Janney, Jr.; Joum. Biol. Chem., XXI, 1916, 169. (2) The 
Acid-base Equilibria in the Blood after Parathyroidectomy. D. Wright 
Wilson, Thornton Steams, and Madge DeO. Thurlow; Ibid., XXIII, 1916, 89. 
(3) The Bxcretion of Acids and Ammonia after Parathyroidectomy. D. 
Wright Wilsmi, Thomton Steams, and J. H. Janney; Ibid., XXIII, 1916, 123. 
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careful manipulation, retained most of the acid introduced, and during 
the period of acid ingestion (5 days) showed no typical tetany. The 
symptoms became acute later when sodium bicarbonate was given. 

The relief from parathyroid tetany observed after the administration 
of acids suggests the possibility of a peculiar abnormality of metabolism 
whereby the normal equilibrium of acids and bases in the body is dis- 
turbed, resulting in a relative increase in the amount of base. This 
condition may quite naturally be termed alkalosis by analogy to the 
familar condition called acidosis. In agreement with the more exact 
definitions of acidosis, we may designate alkalosis as a pathological con- 
dition in which the basic radicles in the blood are relatively increased 
over the acid radicles, disregarding carbonic acid. This d^nition does 
not specify whether the bases are absolutely increased or the acids not 
CO, are decreased, or whether both phenomena occur. Nor does it 
imply that the blood in the body is more alkaline than usual, for an 
increased tension of CO, may neutralize any tendency towards a de- 
creased hydrogen-ion concentration and maintain a final reaction differ- 
ing little from the normal. 

Most of the methods used in the past in the study of acidosis are 
available for the investigation of a condition such as is described above. 
As in acidosis, the problem is complicated by the fact that the variations 
in the reaction of the blood are never very great and have always been 
difficult to determine. As the ordinary titration procedures are unsatis- 
factory, most of the methods of study have been indirect. 

Several methods have been developed recently which should be 
valuable in furnishing the necessary data. Barcroft and his collabo- 
rators have shown that the dissociation of oxyhsemoglobin may serve as 
a very sensitive index to variations in the reaction of the blood. A new 
method for the rapid determination of the hydrogen-ion concentration 
of the blood has recently been devised by Levy, Bowntree, and Marriott, 
which is sufficiently delicate to record slight changes in the reaction of 
the blood. 

When determined at a constant temperature and under comparable 
conditions the changes in the values of the dissociation constant of 
oxyhsemoglobin may indicate variations in the hydrogen-ion concen- 
tration of the blood examined. Two methods of study are readily avail- 
able. Variations in the actual hydrogen-ion concentration of the blood 
as it exists in the body may be ascertained by determining the values of 
the dissociation constant of oxyhaemoglobin in bloods containing the 
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amount of carbon dioxide they held when in the body, or, practically, in 
bloods brought into equilibrium with a pressure of carbon dioxide equal 
to the alveolar carbon-dioxide tension. 

The second procedure consists in bringing the blood into equilibrium 
with a constant tension of carbon dioxide and a suitable pressure of 
oxygen and determining K. This method eliminates the neutralizing 
action of the carbonic acid which varies with the alveolar carbon- 
dioxide tension. The resulting values should show variations which are 
comparable to the values obtained by titration methods and indicate 
changes in the " non-volatile '* acid-base equilibrium or the " reserve 
alkalinity.'* Variations from the normal indicate acidosis or alkalosis 
conditions. 

In most of the experiments reported below, the values of the disso- 
ciation constant of oxyhaemoglobin were determined by this procedure, 
in order to determine whether acidosis or alkalosis conditions existed. 
A few determinations were made, the first method being employed. 

A single protocol may serve as an example of the results that we have 
obtained. 

Experiment 4£, — This animal did not develop acute tetany for sev- 
eral days after the operation, although mild tremors were apparent on 
the second day. The rise and fall in the values of K during the first 4 
days of the experiment without the development of acute tetany 
emphasize similar observations in previous experiments. Notwith- 
standing the more pronounced tremors on the 27th, a considerable 
alkalosis persisted during the day, increasing to a maximum in the 
evening. The value of K dropped quickly after the injection of CaCl, 
solution, but did not return to normal. It was slightly lower on the 
following day, but was high agaiti on the next. 

Another comparison was made of the variations in the reaction of 
the blood brought into equilibrium with a gas mixture containing CO, 
at a pressure approximately that of the alveolar air. On the 26th, 
when the value of K by the regular method was still somewhat above 
normal, the value of K with blood containing the requisite amount of 
CO2 was 0.00019. On the following day, although the alveolar carbon- 
dioxide pressure was considerably higher, a value of 0.00031 was 
obtained. Thus, in spite of the increased content of carbonic acid, the 
blood was pleonectic, or more alkaline than on the previous day. This 
decreased hydrogen-ion concentration of the blood in the body suggests 
an increased irritability of the respiratory center. 
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The most noticeable variations in the alveolar carbon-dioxide tensions 
occurred during the extreme attacks of tetany, when they usually rose 
rapidly to a maximum and then fell rapidly. The Plesch method was 
used to obtain samples of the alveolar air. The analyses were carried 
out with a small Haldane gas analysis apparatus. 

The characteristic rise and fall in the alveolar CO2 pressure during 
periods of acute tetany may be observed in most of the experiments. 
The pressure rose gradually as the tremors became more severe, though 
little effect on the respiration was observed. We did not determine 
whether the ventilation was increased. Soon after the acute attack 
began, panting commenced and the alveolar COj pressure dropped more 
or less rapidly to a value below normal. Later there was often a con- 




Experiment ^^.—Operation, March 23. 1. Quiet; no tremors. 2. Fine 
tremors. 3. Moderate tremors. 4. Injected CaCla solution. 6. Mild tremors. 
6. Acute tetany. 

dition of depression and the tremors had nearly or completely dis* 
appeared. 

The complication introduced by the muscle tremors renders the high 
values of little importance as indicating a possible alkalosis. They 
probably represent a piling up of CO, faster than it can be removed. It 
is interesting in this connection, however, to note the high pressures 
which may develop before the gross indications of hyperpnea, i. e., 
panting, develop. The alveolar CO, tension may rise 10 mm. before 
panting starts. Even more suggestive are the numerous observations 
where the alveolar CO, tensions rose to values considerably above nor- 
mal and remained for hours without any indications of increased stimu- 
lation of the respiratory center or excessive muscular activity. 

It would seem that these values could hardly be attributed to the 
muscular activity. They might be due to a depression of the respiratory 
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center^ which would naturally result in an increased GO, tension. But 
in one of the most striking experiments (No. 42),« the value of the dis- 
sociation constant of oxyhsemoglobin indicates that the respiratory 
center was> indeed, unusually irritable and the hydrogen-Ion concentra- 
tion of the blood in the body definitely decreased, resulting in a con- 
dition of pleonezy. These increased alveolar GO, tensions may, there- 
fore, indicate that a condition of alkalosis was present at these times. 

The low tensions observed after the attacks may be ascribed to the 
acidosis conditions resulting from the extreme muscle work. Similar 
low values have often been observed after muscular activity and ascribed 
to a temporary acidosis caused by the presence of lactic acid formed on 
account of the lack of an adequate oxygen supply to the muscles during 
activity. 

The injection of acids into the blood-stream might naturally be 
expected to cause variation in the " non-volatile '' acid-base equilibrium. 
Evidence supporting this was obtained. A fall in the alveolar CO, 
pressure after calcium administration was noted whenever this pro- 
cedure was used. This was accompanied by a decrease in the values 
of the dissociation constant of oxyhsemoglobin. 

We have endeavored to supplement our findings by means of a method 
for the determination of the hydrogen-ion concentration of the blood 
devised by Levy, Rowntree, and Marriott The method consists in dia- 
lyzing blood in celloidin sacs against neutral salt solution and determin- 
ing the reaction of the dialysate by color comparisons with an indicator. 
The procedure is simple and trustworthy, if care is taken to work with 
controlled solutions in a room free from fumes of acids or alkalies. 
Bloods were examined as they came from the veins, and again after 
shaking out the excess CO,. Variations in the " non-volatile " acid- 
base equilibrium should become apparent with the second procedure. 

The normal variations of Ph, using blood as drawn from the vein, 
were found to be from 7.3 to 7.4. After the blood had been brought into 
equilibrium with the air, the Ph ranged from 7.6 to 7.76 in different 
normal animals. 

Any variations in Ph in the blood as it came from the parathyroid- 
ectomized animals were evidently too slight to be recorded with cer- 
tainty by this method. After the blood had been shaken, however, 
slight but definite changes were noted. In all cases examined in which 
tetany developed, an increased alkalinity was observed after removal of 
the excess of CO,, the values of Ph ranging from 7.76 to 8.00. With the 
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development of tetany, the values returned to normal. These varia- 
tions run roughly parallel to those indicated by the values of K. 

A considerable acidosis was observed in one experiment after the 
injection of acid, in agreement with the results of the alveolar CO, 
and oxyhsemoglobin dissociation methods. After the CO, had been 
shaken out, the Ph was 7.40 instead of the normal value, 7.65. Even 
the blood dialyzed directly showed an appreciable increase in hydrogen- 
ion concentration. 

The experiments outlined above have furnished evidence to support 
tiie view that, after the removal of the parathyroid glands from dogs, 
there may develop a condition of alkalosis. This alkalosis tends to 
be counteracted by the tetany which soon becomes manifest. Acid 
metabolic products are apparently formed during tetany which neu- 
tralize the excess of bases and may even produce an acidosis of varying 
duration. During the acidosis periods following the acute attacks, the 
gross symptoms of tetany are usually less evident. 

Numerous observations have been made on the urine of dogs after 
parathyroidectomy, which suggest that a state of acidosis exists. Aceto- 
acetic and lactic acids have sometimes been found. Other phenomena, 
however, fail to support this view and they may be explained even 
more easily on the assumption that there is a relative excess of alkali in 
the body — an alkalosis. That both conditions may occur at diflferent 
periods in the course of tetany seems probable. 

We have shown that acids, when administered to dogs in parathyroid 
tetany, relieve the symptoms. A relative excess of alkali (neglecting 
COj) in the blood at certain periods after parathyroidectomy is indi- 
cated by the values of the dissociation constant of oxyhsemoglobin, 
alveolar CO, pressure, and the hydrogen-ion concentration of the blood. 
These studies make it appear that the alkalosis is primary, and that the 
acidosis develops only secondarily during the attacks of tetany and 
may give place to another alkalosis period, unless the tetany is suffi- 
cient to maintain it. Data are presented concerning the ammonia and 
acid excretion and the hydrogen-ion concentration of the urine, which 
may furnish additional details concerning the variations taking place 
within the body. 

Dogs were placed in metabolism cages and the urine was collected in 
two periods daily by catheterization, extreme care being taken to 
guard against cystitis. A sterile catheter and vaginal dilator were used 
after a thorou^rh washing of the external surfaces and the vagina with 
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warm sterile water or a very dilute bichloride solution. No food was 
giyen the anifnalR after the operations. This procedure may have 
diminished the variations in our findings on account of the tendency 
toward acidosis due to fasting and the less favorable condition for 
tetany development. After a suitable fore-period^ the parathyroids 
were removed with varying amounts of thyroid tissue and the animals 
kept under observation. Water was usually given through the stomach 
tube twice daily. 

The following methods were used: Total nitrogen, Kjeldahl; am- 
monia, Folin; acid excretion, Henderson and Adler; hydrogen-ion con- 
centration, Henderson. Experiments were carried out on 6 dogs from 
which the parathyroid glands were removed together with most of the 
tiiyroid tissue. 

The data presented show, in general, that after parathyroidectomy 
there is a marked diminution in the excretion of acids and ammonia, 
accompanied by a decrease in the ratio of NH, — N to total N, and in 
the hydrogen-ion concentration of the urine. After the development 
of tetany, the excretion of acids and ammonia increases as well as 
the ammonia ratio and the hydrogen-ion concentration of the urine. 
The following facts may be considered in attempting an explanation 
for these variations : 

Studies on the urine in conditions of acidosis have shown that char-, 
acteristic changes occur. Walter observed, many years ago, that the 
ammonia output was increased after the ingestion of acids. From the 
accumulated data, especially the newer and more exact observations of 
Henderson and others, the characteristic urine changes in acidosis may 
now be described as an increase in ammonia and its relation to total 
nitrogen, increased acidity both as expressed by titration values and 
the hydrogen-ion concentration and increased phosphate elimination, 
unless the phosphate store is deleted. The excretion of ammonia, 
acids, and phosphates may run roughly parallel for a time. 

With the ingestion of alkali, the acidity falls and the urine may 
become alkaline. A decrease in the ammonia output is characteristic 
Janney was able to cause the daily ammonia elimination to diminish 
to 0.04 gm., which was 0.4 per cent of the total nitrogen, by the inges- 
tion of sodium bicarbonate. These variations in the excretion of 
ammonia are so characteristic that they have been taken as an index 
of changes occurring within the body. As a part of the mechanism 
for the maintaiance of neutrality within the body, ammonia combines 



Digitized by 



Google 



studies on Paraihyroid Tetany. 19 

with a portion of the acids formed and is excreted. In acidosis, 
when an excess of acids is formed, tiie ammonia ontpnt is increased ; 
when there is an excess of ^' fixed alkali^' in the body, as after 
excessive ingestion of sodium bicarbonate, the ammonia elimination is 
diminished. 

These relationships might possibly be altered by an unnsnal abnor- 
mality in kidney function. Acidosis conditions due to renal changes 
have been suggested by Henderson and Palmer. No indications of 
renal insufficiency have been noted after parathyroidectomy. We have 
found normal values for the blood urea and tiie phthalein excretion 
during tetany in two of our animals. 

Analyzed in accordance with the observations mentioned above, the 
data presented indicate that there is a relative excess of ^ fixed alkali " 
in the blood, i. e., an alkalosis, soon after parathyroidectomy. This 
alkalosis is apparently not due to an excess of circulating ammonia, as 
the ammonia excretion is at a minimum during the periods of decreased 
acidity of the urine. The ratio of NH, — ^N to total N, may be unusually 
low at the same time. Also, there is no satisfactory evidence to show 
that the ammonia content of the blood is above normal. The variations 
are strikingly similar to those observed after the ingestion of sodium 
bicarbonate. 

With tiie development of tetany, the urine picture changes quickly. 
The increased excretion of adds and ammonia, together witii high 
values of the ammonia ratio, suggests an acidosis. The increased 
acidity is probably due (in part) to the excretion of the lactic acid 
formed in the muscles during tetany. 

SUMICABY. 

The tetany which develops after parathyroidectomy may be relieved 
by the administration of acids. This observation has led to a series of 
studies from the data of which the following conclusions have been 
drawn. 

After parathyroidectomy a condition of alkalosis may develop which 
is neutralized by acid products formed by the muscular activity inci- 
dent to tetany. An acidosis condition may result after periods of 
acute tetany. Periodic variations in the ** non-volatile '* acid-base 
equilibrium seem to accompany the periodic attacks. 

The acidosis condition resulting from acute tetany or the injection 
of acid is associated witii relief from tetany. 
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Galcinin salts^ when injected into animals in tetany, lower the value 
of the dissociation constant of ozyhaemoglobin and the alveolar 00^ 
pressure, an effect similar to that brought about by the introduction 
of acids. 

The above conclusions were reached from a study of the variations 
of the values of the dissociation constant of oxyhaemoglobin, the 
alveolar CO, pressure, and the hydrogen-ion concentration of the 
blood from dogs subjected to parathyroidectomy. 

After parathyroidectomy in dogs there is usually a sudden diminu- 
tion in the excretion of acids and ammonia and a decrease in the 
ammonia ratio and the hydrogen-ion concentration of the urine. 
With the development of tetany, the elimination of acids and ammonia 
increases, accompanied by increased values of the ammonia ratio and 
the hydrogen-ion concentration of the urine. 

These variations may indicate that an alkalosis condition results 
after parathyroidectomy, but is neutralized by the tetany which 
develops. After acute or chronic tetany an acidosis may occur. 
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SOME OBSERVATIONS ON TEtE EFFECT OF FEEDING 
GLANDS OF INTERNAL SECRETION TO CHICKS. 

By M. C. WINTERNITZ. 

(From t?^ Department of Pathology of The Johnt HopMna UniverMy, 

Baltimore, Md.) 

In 1914 Cnshing and Goetsch showed that the feeding of dried 
extract of anterior lobe of bovine hypophysis to white rats has a 
markedly stimulating effect on the growth and development of the 
reproductive glands of both sexes. Furthermore, it tends to cause 
early and frequent breeding. 

These experiments were repeated with chicks in tiie hope of obtaining 
a more practicable application of these phenomena.* 

The following three series may be of interest in spite of their con- 
flicting results. 

SEBnss I. — Twenty-two white leghorn chicks were divided into two 
groups, 11 controls and 11 hypophysis-fed animals. 

On May 21, when they were 28 days old, the feeding of dried hypophysis 
gland was begun. 

Method. — The chicks were kept in separate bins and were given, except 
for the dried glands, exactly the same food. Their diet was that advised 
by the Department of Poultry Husbandry of the Ck>llege of Agriculture of 
Cornell University, for white leghorn chicks. Very small amounts of the 
hjrpophysis were given. Twenty moist bread pills, thinly coated by rolling 
in a bowl containing about 260 mg. of the powdered gland, were fed daily. 
The chicks were weighed at varying intervals and the results may be seen 
in the accompanying chart. 

* Attempts to modify the growth of young chicks by feeding hypophysis 
have yielded various results. These are briefly summarized by Wulien. 
The following is a quotation from her arti^e: " The preponderance of the 
above evidence indicates that the pituitary body, either injected or ingested, 
is able to cause a diminution in rate of growth of young animals. I have 
been able to confirm .... the falling off in the weight of the animal and 
in length of bone following ingestion of anterior lobe of the pituitary 
body." 
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CHART I. 
Weight in Pouzvdb. 

Date. Control Obickt. Hjpoph7ii«*Fed Ohickf. 

May 21 2 lbs. 14 oz. 2 lbs. 12 os. 

June 11 4 lbs. 12 oc 6 lbs. 

June 21 7 lbs. 6 oz. 9 lbs. 14 os. 

July 9 8 lbs. 14 oz. 12 lbs. 

Oct 11 22 lbs. 6 oz. 27 lbs. 7 oz. 

Beeides the difference in weight between the hypophysis-fed chicks and 
the controls, there was an equally surprising difference in their egg pro- 
duction. The first egg was laid by the hypophysis-fed chicks when they 
were 199 days old, the controls did not begin to lay until the 243d day of 
lifa By February 1 the former had averaged 15 eggs apiece, the contr<ds 
only one. As spring approached, the two groups tended to lay more equally; 
in March the hypophysis-fed chickens had 16 eggs each to their credit, the 
controls 6. 

SmiiEs II. — In this series other glands of internal secretion as well as the 
pituitary were fed to different groups of black langshan chicks. 

Each group, except the control, was fed 2 grains of the powdered gland 
daily. The birds were weighed collectively every week, beginning when 
they were 1 day old. The results may be seen from the following chart: 

CHART II. 
Weight in Ounces. 

Date. Adren*!. Hypophysis. Control. Ortry. Thyroid. Thymus. 

Feb. 21...... 8 8 8 8 8 8 

Feb. 28 11% 9% 9% 10% 9% 11% 

March 7 16% 11% 12 18% 10% 15% 

March 14 21 16% 17 21 14 20 

Blarch 21 27 24 22 26 20 26 

March 29 36 82 28 32% 26 36% 

April 6 41% 37 32% 39 30 89% 

The only constant finding in this experiment was the delayed growth of 
the chicks that were fed thyroid. This was evident early in the experiment, 
and these chicks not only remained small but succumbed more quickly to 
nutritional disorders. 

At the end of 7 weeks the experiment was discontinued, as a number of 
the chicks in each group had developed a curious pathological condition. 
They gradually lost their ability to stand and sprawled on the fioor with 
their legs spread out helplessly. At first, when urged, they could get up 
and run a few steps, but in the later stages of the disease they could not 
use their legs at all and propelled themselves by fluttering their wings. In 
spite of this disability some lived for several weeks and showed remarkable 
activity. Several recovered when taken out of confinement and put out- 
doors. The disease first appeared among the chicks that received thsrroid. 
In those that recovered the femurs were bent and presented a picture 
similar to the ra<diitic saber shin. 
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Series III.— One hundred white leghorn chicks were divided into 10 lots 
and fed the following glands: 

Lots. Beginning when. Gm. Daily. 

1, 2 and 3 . . Dried hypophysis (hovine) 20 days old 1-4 

4 Fresh hjrpophysls (pig) 7 days old 10-20 

5 Fresh adrenal (pig) 7 days old 10-20 

6 Fresh ovary (pig) 7 days old 10-20 

7 Fresh testes (pig) 7 days old 10-20 

8 Fresh thyroid (pig) 7 days old 1 

9 Fresh thymus (pig) 7 days old 10-20 

10 Control 

The chicks were weighed weekly as shown in the following chart: 
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Weight in 
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Date. 


"/jai^te^^r^^n^- 


Adrenal. 


Orary. 


Testes. Thymus. 


Thyroid 


April 24. 


. 350 


350 


350 


350 


350 


350 


350 


350 


370 


April 29. 


. 460 


480 


460 


430 


480 


460 


460 


470 


460 


May 5. 


. 690 


720 


680 


700 


700 


680 


700 


670 


660 


May 12. 


. 950 


1040 


940 


930 


970 


960 


900 


990 


880 


May 19. 


.1300 


1350 


1250 


1210 


1250 


1270 


1290 


1280 


900 


May 26. 


.1600 


1770 


1590 


1570 


1630 


1630 


1680 


1570 


1120 


June 2. 


.1800 


1966 


1840 


1820 


1800 


1820 


1920 


1880 


1220 


June 9. 


.1S60 


2160 


2010 


2000 


1950 


1930 


1820 


1930 


1480 


June 16. 


.2100 


2450 


2340 


2230 


2280 


2180 


2050 


2140 


1670 



As is evident from this <diart, the various glands that were fed, except 
the thyroid, had very little effect upon the weight of the different groups. 
The thyroid-fed chicks gained less than the rest throughout the experiment 
and, as in the previous experiment, seemed less robust 

The marked changes apparently brought about by the administration 
of hypophysis in the first experiment is in great contrast to its inactivity 
in the subsequent cmes^ despite tiie fact that three separate brands of 
the dried hypophysis^ as well as the fresh glands^ from the pig were used. 

The fact that the hypophysis varies in its activity at different times of 
the year and that it is inactive during the hibernating season may have 
a bearing upon the contradictory results cited above. 
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SPONTANEOUS AND EXPERIMENTAL LEUKJSMIA IN 

THE FOWL.* 

By H. C. SCHMEIS8ER. 

(From the Department of Pathology of The John$ HopMrn Univenity, 
Baltimore, Md.) 

During the past three years a transmissible leukaemia of the fowl has 
come under observation. 

In confirmation of the work of ^llermann and Bang, Hirschf eld and 
Jacoby, and Buridiardt, the disease has been successfully transmitted 
in the same species from the spontaneous case into the fifth generation 
by the intravenous and intraperitoneal injection of an organ emulsion. 

Hirschf eld and Jacoby, and Burkhardt, obtained their original strain 
from Ellermann and Bang. 

The transmission^ reported above, is of special interest, as the strain 
originated in an animal absolutely unrelated to that of the previous 
investigators. 

* A detailed report, ineluding an abstract of the literature, a study of the 
blood and anatomy of the normal fowl and of the spontaneous case of 
leuluemia, as well as of the animals in which the disease was transmitted, 
may be found in: (1) The Johns Hopkins Hospital Reports, 1916, XVII 
(lUustrated). (2) Jour. Exp. Med., 1916, XXII, 820. 
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STUDIES ON THE KELATION OF FOWL TYPHOID TO 
LEUBLffiMIA OF THE FOWL. 

By M. C. WINTERNITZ and H. C. 8CHMEIS8ER. 

{From the Department of Pathology of The Johns Hopkin$ University, 

Baltimore, Md,) 

In 1897 Moore* published stndies on an epidemic infections disease 
of the f owl, which he designated Lenksemia and from which he isolated 
a bacterinm which he believed was the etiological agent of the disease. 

His work has been confirmed by subsequent observers who, however, 
have not regarded the condition as a true leukaemia. Becently, Theo- 
bald Smith ' and his associate Ten Broeck have carefully investigated 
the organism isolated by Moore in 1897, as well as other strains of the 
same bacillus. On account of the features which it has in common with 
the human typhoid bacillus, among them its behavior toward carbo- 
hydrates and the agglutination reaction, they suggest that it be called 
the fowl typhoid bacillus. 

On the other hand, a number of observers, chiefly Ellermann ' and 
his associates, have reported detailed studies on a chronic disease of the 
fowl which simulates very closely human leuksemia. The analogy 
between this disease in the fowl and in man is still closer in one respect, 
in that no parasite has been demonstrated as the causative agent in 
either case. Ellermann, however, asserts that he has been able to repro- 
duce the condition in the fowl by the injection of a cell-free Berkefeld 
filtrate of a blood or organ emulsion from a diseased fowl. 

No attempt will be made to discuss the literature of these conditions. 
The former disease has been carefully reviewed in the articles by Theo- 
bald Smith and Ten Broeck, and the latter disease by Schmeisser * in 
his report on spontaneous and experimental leuksemia in the fowl. 

An epidemic of an acute disease in the fowl was brought to our atten- 
tion and in the investigation and experimental transmission of the con- 
dition certain interesting transitions were encountered which led us to 
believe that there might be a relationship between the acute disease 
described by Moore and subsequently called Fowl Typhoid and the 
chronic condition known as Chicken Leuksemia. 



Digitized by 



Google 



26 M. C. Wintemitz and H. C. Schmeisser. 

Spontaneous Case. 

During the fall of 1914 a disease appeared in a flock of Plymoath Rock 
fowls in Howard County, Md. About 10 per cent of the birds died. The 
disease was more severe in the pullets than in the older birds. Their combs 
and wattles became white and they emaciated rapidly. The fowls which 
the farmer opened were reported to hare had enlarged livers. Two sus- 
picious pullets were brought to the laboratory for obeerration. One of these 
died immediately ob arriraL The following brief notes from the autopsy 
are recorded: 

Autopty, The fowl weighed 1120 gm. It was moderately emaciated and 
showed practically no subcutaneous fat The cerrical lymph glands were 
slightly enlarged, gray, and showed no interlobular tat. The lirer was 
enlarged. It weired 83 gm. Bxtemally as well as on section the brown 
parenchyma showed a gray tracery. It was studded with white or pink, 
slightly opaque foci, about 1 mm. in diameter, and numerous pin-point 
hemorrhages. 

The spleen was enlarged; it weifi^ed 3 gm. It was diffusely gray, both 
externally and on sectimi. 

The bone-marrow was hyperplastic and gray. 

The heart muscle was studded with numerous small gray nodules. 

Blood smears showed a leucocytosis. The ratio of the white to red blood 
cells was 1 to 3.6. The red blood cells raried slightly in sise, shi^te and 
staining of both cytoplasm and nucleus. 

The differential count showed a leucocytosis with an increase of poly- 
morphonuclear leucocytes with rods and an almost equally marked increase 
in mononuclear cells. 

Count of 300 cells: 

Poljrmorphonudear cells with eosinopkilic rods M.0% 

Polymorphonudear cells with eosinophilic granules. . . . 0.0% 

Lymphocytes S.8% 

Large mononuclear cells 40.4% 

Blast celU 0.0% 

Undassifled ceUs 0.3% 

Microscopic examination of the organs showed a great increase in the 
white Uood cells in the ressels. 

There was a diffuse or focal myelosis in all of the organs. This was 
most marked in the Ijrmph glands, heart, lirer and spleen. All types of 
marrow cells occurred. The large mononuclear and the mononuclear 
myelocyte with eosinophilic granules were the most prominent They all 
showed numerous mitoses. 

The lirer cells were extensirely degenerated and necrosed. The bone- 
marrow showed a marked hyperplasia. The large mononuclear and the 
mononuclear myelocjrte with eosinophilic granules predominated. 
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HYALINE DEGENERATION OF THE ISLANDS OF 
LANGEBHANS IN PANCREATIC DIABETES. 

By M. C. WINTERNITZ. 

(Prom the Department of Pathology of The JohM Hopkins University, 

Baltimore, Md.) 

The stimulus to this paper was a case of diabetes mellitus with 
changes in the islands of Langerhans that may aid in the interpreta- 
tion of the histo-pathology of the pancreas in this disease. 

LiTERATUBE. 

No attempt will be made to review the literature^ which is very well 
presented in such articles as those of Opie/ Sauerbeck/ and more 
recently of Allen.' It will sufSce here to present a brief outline of the 
more important views. 

The articles of the literature may be arbitrarily divided into two 
groups: Firstly, those dealing with the experimental disease in ani- 
mals; and secondly, those dealing with the histo-pathology of the 
human pancreas in diabetes mellitus. 

(1) Experimental Diabetes in AnimaU. — Many attempts have been 
made to determine the relationship of changes in the pancreas to 
experimental glycosuria, and many species of animals have been used. 
AU of these experiments have had as their object the ultimate destruc- 
tion of the acinar and the preservation of the insular tissue of the 
pancreas. The results have been extremely conflicting, and no definite 
conclusions could be drawn from the extensive studies without a review 
of the entire subject. This has been accomplished by Allen, and the 
following abstract is quoted from his sunmiary : 

In rabbita and guineai;>igs the pancreas may be reduced to nothing but 
toleta without diabetes; but true diabetes has not been produced in these 
animals by any method; it is not known whether they are susceptible to the 

condition In dogs it has not yet been demonstrated by serial section 

that the animal is free from diabetes at a time when nothing remains of 

the pancreas but islet tissue Diabetes has never been observed with 

well-iireserved islands. Absence of diabetes has never been observed in 
absence of islands with the single exception reported by Pratt 
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In contrast with the above, the experiments of Allen are of impor- 
tance. He removed nine-tenths of the pancreas in a series of animals 
and left the remnant in connection with the duct. This resulted in a 
diabetes which, at first, was relatively mild, but which increased in 
severity until there was a complete inability to utilize dextrose. At the 
outset the islet showed no visible alterations; later, a degeneration 
occurred which involved these — ^they showed loss of cells, deficiency of 
cytoplasm in the remaining cells, nuclear d^eneration and, finally, 
there was a complete disappearance of the islets. In typical cases, aside 
from accidental changes, the acini remained normal throughout. 

If these findings are confirmed, they furnish important evidence that 
the insular tissue, in contrast to the acinar tissue of the pancreas is 
intimately associated with the utilization of dextrose in the body.* 

(2) Studies in the Eisto-Pathology of the Pancreas in Diabetes. — 
All investigators have had the same problem to face, namely. Is the 
histo-pathology of the diabetic pancreas distinctive? In other words, 
Can tiie pathologist, without reference to the clinical history be sure 
of the diagnosis of diabetes from histological examination of the 
pancreas? 

Instead of reviewing the various theories, an attempt will be made to 
set forth the conflicting problems met with in the histo-pathological 
correlation of the disease. 

I. Diabetes may occur without any definite qualitative changes in 
the pancreas. 

Many authors resort to a functional hypothesis for the explanation of 
these cases and blame the deficiency, either upon the acinar or insular 
tissue, according to the tiieory which they uphold. 

These cases seem to offer definite evidence that lesions of the pancreas 
are not secondary to the malassimilation of carbohydrates. 

This group may include certain cases of glycosuria dependent upon 
changes in the nervous system or disturbances in ductless glands otiier 
than the pancreas, associated with carbohydrate metabolism. 

To a subdivision of this group of cases of diabetes without qualitative 
changes in the pancreas belong those cases which show only quanti- 
tative change in the insular tissue. This aspect of the histo-patiiology 
of the subject has been particularly emphasized by Opie, Heiberg,* 
Weichselbaum,' etc. Heiberg determined that there are 130 islands 

* Since this paper was written, an article by Homans in the Joumal of 
Medical Research, 1916, Vol. XXXIII, No. 1, confirms these findings. 
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per 60 C1L mm. in a given portion of the normal pancreas^ and that 
this nmnber of islands is reduced to from 30 to 40 per 50 cu. mm. in 
the same area of a diabetic gland. He concludes that this estimation 
of the number of islands offers a method for the absolute anatomical 
diagnosis of diabetes. 

In general^ Heiberg's observations have been confirmed by Weichsel- 
baum. The latter, however, emphasizes certain qualitative changes, 
such as hydropic d^eneration, etc., of the islands. He believes that if 
these qualitative changes are not present, the process has been of long 
standing and that the previously affected islands have disappeared in 
the earlier stages of the disease. Weichselbaum emphasizes the power 
of the insular tissue to r^enerate. He thinks that exacerbations of 
disturbance of carbohydrate metabolism are indications of fresh injury 
to the newly regenerated islands. 

This careftil quantitative estimation of the insular tissue offers a 
means of approach to an otherwise impossible diagnosis, and the sug- 
gestion should not be neglected despite the fact that serious obstacles 
have been brought forward against the possibility of estimating the 
number of islands. 

The very careful studies of Bensley* by special staining methods 
have shown that the insular tissue is much more widely distributed 
throughout the pancreas than had heea supposed, and this led him to 
the opinion that in the estimation of the number of islands the limit of 
error was as great as 90 per cent. 

Nevertheless, until Bensley's methods have been applied to cases 
such as have been described by Heiberg and Weichselbaum, the hypotii- 
eses of these authors cannot be neglected, especially as experimental 
studies tend to corroborate their views. From this standpoint the 
histology of the remnant of pancreas in AUen's diabetic dogs illus- 
trates tiie remarkable regenerative power of the islet tissue in the few 
animals that were killed when the glycosuria was disappearing. Fur- 
thermore, the total disappearance of the insular tissue in animals suc- 
ctmibing to *^ diabetes gravis ^ is of significance. 

n. Another type of lesion occurring in human diabetes ^ has been 
described by MacCallum.' It is interesting to note that both of Mac- 
CaUum's cases> and a third one to which he refers, were in children. 
Sections from tiie head, middle and tail of the pancreas showed 
an increase, not only in the number, but also in the size of the 
individual islands. They averaged .24 x .188 mm. as compared with 
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.132 X .156 mm. to .18 x .18 mm. in the normal pancreas. MacCallom 
concludes that " this change in the islands represents some disturbance 
of carbohydrate metabolism from extra-pancreatic causes, such as im- 
posed an excessive amount of work on the islands of Langerhans, and 
that these, in order that they may maintain their control of their own 
particular link in the process, have undergone the compensatory hyper- 
trophy which has been described.'' The analogy between the changes 
in the islands of Langerhans in these cases of MacCallum's and the 
anatomical changes in the thyroid in hyperthyreosis is striking. 

m. Fibrous pancreatitis, both of the interacinar and the inter- 
lobular iype may be present without diabetes. 

This aspect of the subject has been recently reviewed by Major.' 
He points out the well-known fact, which, however, has often been over- 
looked by observers in their interpretation of the changes in the diabetic 
pancreas, that extensive fibrosis, diffuse or localized, either of the inter- 
acinar or interlobular type may be present in cases in which there is 
no history of diabetes. It would be of interest, however, to have 
definite estimations of the carbohydrate tolerance in such cases. 

IV. The types of insular diseases which may be present, either in 
association with the above fibrosis, or in an otherwise normal pancreas, 
may be divided into two groups, viz. : 

a. Hydropic amyloid, pigmentary or fibroid change. 

b. Hyaline degeneration. 

The division between these types of regressive change has been 
made, because hyaline degeneration, when it is present, is so striking 
that it cannot be overlooked. Furthermore, it is a lesion, which when 
present to any marked degree, is almost invariably associated with 
glycosuria. 

The question of the insular involvement and its relation to diabetes 
will be discussed after the presentation of the following case : 

R. W. F., contractor, white, male, age 67. Medical No. 29,864. Autopsy 
No. 3814. 

Clinical History,— The patient was admitted to the medical clinic of The 
Johns Hopkins Hospital in the service otDr.UF, Barker, October 30, 1912. 
His past history was negative except for syphilis, Neisser infections and 
the excessive use of alcohol. Eighteen years before admission a life insur- 
ance examination had revealed the pres^ice of sugar in the urine, and 
since that time he had had a typical diabetic history of polydipsia, polyuria 
and continuous glycosuria. He had not lost weight until the last two weeks 
before admission. His present illness had begun four days before admis- 
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sion with an acute pain in the region of the right costal margin, nausea, 
vomiting and diarrhoea. 

Physical Examination. — The patient was a well-nourished man with an 
alcoholic fades. His heart was enlarged and there was a gallop rhythm 
over the entire precordium. The abdomen was slightly distended and there 
were signs of an advanced peritonitis with fever and leucocytosls. The 
urine contained about 1 per cent sugar. There were numerous casts and a 
heavy cloud of albumin and pus, which often appeared in the form of casts. 
The Wassermann test was positive; the blood culture negative. 

The patient succumbed to peritonitis without operation. 

Anatomical Diagnosis. — Primary, 1st: Acute purulent prostatitis; acute 
cystitis; abscess of the liver with rupture of abscess; general peritonitis; 
cloudy swelling of the viscera; acute splenic tumor. 

Primary, 2d: Small pancreas with minute fat necroses and extensive 
progressive {hypertrophy and regeneration) and regressive changes^ {hya- 
line degeneration and atrophy) of the islands of Langerhans. 

Subsidiary. — Chronic mitral and tricuspid endocarditis; chronic fibrous 
myocarditis, cardiac hypertrophy and slight dilatation; arteriosclerotic 
scars and healing infarcts of the kidneys; encapsulated tubercle in lung. 

The anatomical findings except those in the pancreas have no bearing 
upon the glycosuria and may therefore be omitted. 

Pancreas. — Small and firm. On section a few opaque yellowish points are 
found in the perl-pancreatic fat "^he pancreatic parenchyma does not seem 
to be atrophied, and there is no marked increase in the fibrous tissue. The 
organ, aside from its small size and irregular shape, presents no gross 
abnormalities. 

The entire pancreas was carefully dissected and cut into blocks, about 5 
cm. in thickness, which Included the width of the gland. These were serially 
numbered, fixed in Zenker's fiuid, and subsequently mounted in celloidin. 

Microscopically. — The sections throughout the gland show the same gen- 
eral changes. The pancreas is surrounded by fat, which, however, is not 
present in the gland to any extent. At the periphery of this fatty tissue 
occasional areas of mononuclear cells, chiefly of the polyblastic series, 
occur. The fat, in general, is well preserved, but rarely a small area of fat 
necrosis may be found. 

In all of the sections local areas of fibrosis of the gland occur. These 
occupy only a very small portion of the tissue; the remainder shows no 
increase in connective tissue. The areas of fibrosis are almost entirely 
localized in individual pancreatic lobules. The extent of the fibrosis in 
these lobules is variable. A very marked degree of chronic interacinar pan- 
creatitis sometimes occurs, associated with the usual atrophic acinar 
changes and prominent ducts. In such lobules the insular tissue does not 
seem to be affected. In other lobules the fibrosis may be much more 
extreme, and then the acinar tissue may have entirely disappeared, occa- 
sional remnants of the acini appearing as shadows or outlines. All that 
remains of the lobule is a dense fibrous matrix richly spotted with islands 
of Langerhans and abnormal ducts. 
4 
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The ducts, as a rule, are surrounded by a dense mass of hyaline fibrous 
tissue. They may be dilated, and they may contain concretions similar to 
corpora amylacea. 

The ducts are frequently dilated, lined with high columnar epithelium 
with very pale staining protoplasm and basilar nuclei. Not infrequently 



the epithelium assumes a peculiar adenomatous formation, such as has 
been described in detail by Reitmann, Ssobolew, Winternitz, and others. 

It must be emphasized that these areas of fibrosis occupy a very small 
portion of the gland and that elsewhere there is no increase in the inter- 
stitial tissue and no extensive acinar or duct changes. 

The most marked changes throughout the entire pancreas involve the 
insular tissue. This is more abundant than normal, but it is not abso- 
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lutely uniformly distributed. In the areas of fibrosis, as usual, the islands 
are extremely prominent. However, they may occur Just as frequently in 
many areas where the pancreas shows no fibrous involvement. On the 
other hand, relatively large areas of pancreatic tissue occur in which the 



Fig. 2. — A greatly enlarged island of Langerhans, actual 
size. .35 X .36 mm., with distant variations in staining prop- 
erties of different groups of cells, indicative either of differ- 
ences of function or of early degeneration. 



islands are considerably less numerous than normal. In general, the 
number of islands seems to be definitely increased. 
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The islands vary markedly in size as may be seen from the following 
table: 

Well preserved islands 35 x .26 to .083 x .066 mm. 

Hyaline islands 42 x .33 to .066 x .03 mm. 

As compared to 

Normal islands 13 x .15 to .18 x .18 mm. 



Fig. 3. — A greatly enlarged, almost completely hyallnized, 
island of Langerhans. Actual size, .42 x .33 mm. 

This striking variation in number and size of the islands is only over- 
shadowed by the pathological changes which they are undergoing. By far 
the greater number are involved in a hyaline degeneration. It is difficult 
actually to count the percentage of the islands so involved, because the 
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hyaline islands are naturally very much more conspicuous than the normal 
ones. An estimate of several hundred yields the following percentage: 

Complete hyalinization 60% 

Partial hyalinization 30% 

Normal islands 10% 

Variation in size occurs in all the islands, both the normal and those 



(demonstrated by serial section) probably disappearing. 

involved in the degenerative process. Some of the hyaline islands are so 
large that several of them together occupy the whole field of the micro- 
scope. (Zeiss ocular 3, objective AA.) All gradations occur from these 
large islands to those that appear as very minute, pink-staining balls. A 
similar variation in size occurs in the partially hyalinized islands. The 
cells show a disappearance of their nuclei and form tortuous, ribbon-like 
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areas of pink-staining material. The connective tissue is only ultimately 
involved. While the uninvolved islands also vary in size, the majority are 
small as compared with the freshly hyalinized ones. In many instances 
their nuclei seem to be more abundant and their cell outlines less distinct. 
They show characteristic differences in staining properties (see figures), 
suggestive of early degeneration or differences in function. 



A synopsis of the microscopic findings in the pancreas of this case would 
include: 

1. Localized areas of fibrosis, associated with duct changes, and atrophy 
of the acinar tissue. These changes suggest duct occlusion. The areas of 
fibrosis involve only a small portion of the pancreas. 
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2. Numerical increase and wide variations in size of the islands of 
Langerhans. These are involved in a hyaline degeneration, and a rough 
estimate yields the following percentage: 

Complete hyalinization 60% 

Partial hyalinization 30% 

Normal islands 10% 

3. A new formation of the islands which has occurred more rapidly than 
the disappearance of the completely degenerated ones. This is indicated 
by their increase in number and variation in size. 

A comparison of the clinical history with the anatomical findin^rs in 
this case is of interest. 

The lonsr duration of the disease (18 years, to the knowledge of the 
patient) and its relatively mild course, unassociated with exacerhations 
of sufficient severity to require medical assistance, are at first sight not 
in harmony with the extensive pancreatic involvement. In the light of 
more recent investigations, however, the pancreatic changes can be 
regarded as a manifestation of a continuous process with insular injury 
followed by insular regeneration occurring over a long period. 

Discrssiox. 

1. The more recent experimental evidence is in support of tlie insular 
theory of pancreatic diabetes. 

2. In the anatomical diagnosis of diabetes, it must be borne in mind 
that the pancreas forms only one link in the chain that controls carbo- 
hydrate metabolism. As a consequence diabetes may occur: 

a. When the pancreas is apparently normal, as, for instance, 
where there are lesions of the central nervous system or disturbance 
in certain ductless glands, etc. 

3. Where the pancreas is involved, the important lesion is in the 
insular tissue. This may be altered, (1) quantitatively, by decrease in 
the number of islands, or by actual increase in the number and size of 
the islands, or (2) qualitatively. Here no absolute rule can be laid 
down, as both progressive and regressive changes may occur inde- 
pendently and simultaneously. The remarkable power of the insular 
tissue to regenerate, as well as the subsequent complete disappearance 
of the degenerated islands, complicate the anatomical interpretation. 

4. The significance of extrainsular pancreatic change is not under- 
stood. 



Digitized by 



Google 



48 M, C, Winterniiz, 

LiTEIJATURE. 

1. Opie. E. L. : Disease of the Panereas. Lippincott & Co., Philadel- 

pliia and London, 1910. 

2. Sauerbeck, E., Ssobolew, L., Gutman, C, and Adler, II. M.: 

VirehowV Areh., Suppl. Bd. 177, 1904. 

3. Allex, F. M.: Studies Coneerning (ilyeosuria and Diabetes. 

Harvard Univ. Press, Cambridge, Mass. 

4. Heiberg, K. a.: Ziegler's Beitr., 1911, LI, J 78. Virchow's Areh., 

1911,CCI\M7r). 

5. Weichselbatm, A. : Referred to by Heiberg. 

6. Bexsley, R. R.: Am. J. of Anat., 12, 1911, 297. 

7. MacCalli'M, W. G.: Am. J. Med. Sci., 1907, CXXXIII, 432. 

8. Major, R.: Jour. Mtd. Research, 1914-15, XXVI, 313. 



Digitized by 



Google 



GENEBALIZED MILIAEY TXTBEBCULOSIS EESULTING 
PBOM EXTENSION OF A TUBEECULAB PEBICAEDITIS 
INTO THE EIGHT ATJBICLE. 

By M. C. WINTERNITZ. 

(From the Department of Fath&logy of The Johns Hopkin$ Hoepital, 
Baltimore, and the City HoepUtOM, Bay Yiew.) 

Massive tubercular pericarditis is in itself of relatively frequent 
occurrence; for the process to extend through the myocardium into a 
cavity of the heart and act as a portal for the dissemination of a gen- 
eralized miliary tuberculosis is tmcommon and for this reason the case 
below is reported. 

LiTBBATUBE. 

Von 0. Pertic^s * review of the literature includes a short discussion 
of tuberculosis of the heart. He agrees with previous authors in divid- 
ing tuberculosis of the myocardium into the following three forms: 
(a) Large solitary tubercles most common in the region of the right 
auricle and probably arising from caseous mediastinal glands, (b) 
Miliary tuberculosis of the myocardium arising as part of a miliary 
tuberculosis, (c) Diffuse interstitial myocarditis associated witii 
numerous giant cells, but without circumscribed caseous nodules.- 

A compilation of the cases of the literature is presented in Baviarf s ' 
more complete study. This has been briefly abstracted in a subsequent 
report by Beif eld *. 

Baviart points out that tuberculosis of the myocardium is much 
more frequent than has been supposed. In the reported cases large 
tubercular nodules of the myocardium occur even more frequently than 
miliary tubercles. It is probable, however, that the latter are often 
overlooked. A third form of diffuse tubercular infiltration occurs 
rarely and a diffuse non-f oUicular myocardial sclerosis, the rarest form 
described by the author, involves some difficulty in its etiological classi- 
fication. 

The incidence of the disease in early life is worthy of emphasis. It is 
as common in the first year as it is in the succeeding four decades. It 
6 
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is relatively frequent in the third decade (see ease report), but rare 
after forty. 

The seat of predilection is more frequently the left ventricle, although 
the conglomerate type of tubercle occurs more commonly in the right 
auricle where it may attain its largest size. 

As might be expected, the endocardium acts as a barrier to the 
progress of the tubercle. Baviart emphasizes this, but cites cases in 
which the endocardium was ulcerated and gave rise to a focus for the 
dissemination of the tuberciQosis. 

The pericardium and lymph glands, more especially those of the 
mediastinum, are frequently involved. 

The path of infection of the myocardium is probably in many cases 
retrograde through the lymphatics. 

A casual glance through the authenticated indices reveals a few 
other cases such as the one by F. ShedV fti^d one described by F. 
Sumbera.' 

The case to be reported is one that occurred in the autopsy service 
of the City Hospitals during the past year. 

A brief abstract of the protocol follows : 

Autopsy No. 414. Service Na Phth. 8062. C. B., colored male» age 23 
years. Died, February 9, 1915, 11.30 a. m. Autopsy, February 10, 1916, 
8 a.m. 

The patient was admitted to the Phthisical Hospital In the service of 
Dr. €k>rdon Wilson on February 6, 1916. Previously he had been under 
observation at the Mercy HospltaL 

The family and past history were negative. The present Illness was 
believed to have begun In December, 1914, with oedema of the feet, which 
was at first noticeable only at night Several weeks later the abdomen 
became dist^ided and there was dyspncea <m exertion. About this time a 
slight cough, accompanied by a small amount of sputum, developed. During 
January, 1916, the patient had several night sweats. 

PhyHcal Examination. — ^The head and neck were negative. The pharynx 
showed slight congestion. The respiraticms were harsh over both apices. 
There were signs of fiuid over the bases of both lungs. The abdomen was 
distended with fluid. There was no abdominal t^idemess and none of the 
abdominal viscera was palpable. 

Heart, — The absolute cardiac dullness was greatly increased, but no 
d^lnite margin could be made out The heart sounds were faint and distant 
at the apex and slightly more dear at the base. No murmurs were audible. 
The pulse was 70 to the minute. The blood pressure was 100 systolic, and 70 
dlast<dic. 
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Joints. — In the region of the left stemo-clavicular articulation there was 
a cold, fluctuating, painless mass about 6 cm. in diameter. The inner end 
of the left clavicle was unduly movable, and crepitus could be elicited. (No 
definite history of this swelling could be obtained.) 

The temperature was subnormal during the first two days after admission 
and rose to 100.8° F. on the third day. 

The urine was negative. Tubercle bacilli were not demonstrable in the 
sputum. The Wassermann test was negative. The blood count was normal. 

Anatomical Diagnosis. Tuberculosis of the left stemo-clavicular articu- 
lation; tubercular lymphadenitis of the mediastinum; extensive tubercular 
pericarditis with ultimate extension into the right auricle, and resultant 
generalized miliary tuberculosis involving all the parenchymatous organs 
and serous membranes. 

Body. — The body is that of a slightly emaciated colored male, 5 feet 11 
inches in length. The pupils are equal and dilated. The mucous mem- 
branes are anaemic. The subcutaneous fat is moderate in amount. The 
recti muscles are well developed. The liver does not extend below the costal 
margin. 

The omentum is practically devoid of fat. The mesenteric lymph glands 
are either pea-sized and firm, or enlarged, soft and caseous. The peritoneal 
surfaces are everywhere studded with pearly-gray or yellowish-white 
nodules, several millimeters in diameter. The peritoneal fluid is increased 
in amount. The retroperitoneal lymph glands are enlarged and caseous. 
The appendix and ca?cum are involved in old adhesions. 

The right pleural cavity is obliterated by old adhesions. There is an 
increase of fluid in this pleural sac. The left lung lies free in the pleural 
cavity which contains a moderate amount of fluid. 

Pericardium and Heart. — The pericardium is adherent to several masses 
of enlarged, caseous, mediastinal glands. The pericardial sac is obliterated 
by an extensive caseous exudate, which unites the visceral and parietal peri- 
cardial surfaces. A large chain of caseous lymph glands, extending from 
the base of the heart to the left sterno-clavicular Joint, is particularly 
prominent. 

The heart and pericardium and attached lymph glands are removed with 
diflficulty. This mass is very large and weighs 1120 gm. In the region of 
the auricle there is a huge tumor-like projection, the surface of which is 
covered with smaller, pendulous, tumor nodules, which represent adherent 
glands. On section these present a homogeneous, yellowish, opaque surface. 

A similar picture is found on section through the tumor mass overlying 
the right auricle. This mass measures almost 10 cm. in thickness and is 
uniform in appearance, except for a V-shaped line which separates its inner 
third. This line measures only from 2 to 4 mm. in thickness, is slightly 
reddish-brown in color and resembles muscle. It probably represents the 
involved dog's ear of the right auricle. 

Both ventricles are covered by a densely adherent pericardium with an 
occasional small, pendulous gland attached to its outer surface. The left 
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auricle is similar to the right auricle externally, but the thickness of the 
pericardial mass overlying it is not nearly so great. 
The right auricle is slightly dilated. Several mushroom-like tumor 



TVBERCl'LAR PERICARDITIS. 

masses project into its cavity. These are irregularly serrated and have a 
tendency to become umbilicated. They bear a very close resemblance to the 
nodules of an adenocarcinoma, except that they are slightly more yellowish 
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in color and flnner in oonsistenoe. They show a tracery of fine yeseels 
beneath the endocardial surface. Theee masaes are corered almost entirely 
with endocardinm and are conseqnently glistening, except for a few small 
areas which are dry and granular. These denuded areas represent in their 
entirety only a few millimeters. 

The tricuspid ring measures 12 cm. in circumference and its leaflets are 
delicate, as are also those of the pulmonary yalye. 

The wall of the right yentride presents two definite layers; the outer 
yaries between 5 and 16 mm. in thickness, and consists of a yellowish, 
caseous substance, similar to that described aboye; the inner layer is 
represented by a yery translucent, reddish-brown heart muscle, which ayer- 
ages 5 mm. in thickness. In seyeral places the outer, caseous layer 
impinges upon the inner, muscular layer, and in still other places, isolated 
caseous nodules are found in the muscular walL 

The left auricle is slightly distended; its endocardium is smooth. Its 
wall is represented by a delicate muscular coat surrounded by a caseous 
mass from 1 to 3 cm. in thickness. 

The mitral yalye is delicate; the mitral ring measures 11 cm. in cir- 
cumference. 

The aorta is not opened. It and the yalyes appear normal. 

The left yentricle is not dilated; its wall is in eyery respect similar to that 
of the right yentricle and consists of a caseous and of a muscular layer. The 
muscular layer measures 13 mm. in the best preeenred places. As in the 
right yentricle, it is impinged upon by the caseous layer, nodules of which 
are found in the muscle. At times these caseous nodules extend as far as 
the endocardium. 

The accompanying illustration, for which we are indebted to Professor 
Biax Broedel, is taken from the posterior aspect of the heart after the 
remoyal of a portion of the wall of the right and left yentricle and septum. 

Lungs. — The pleura of the right lung is granular, particularly at the 
apex. The lung is crepitant throughout On section, scattered through the 
entire lung, there are pin-head sized, protruding, grayish-white nodules. 
The left pleura and lung are similar to the right 

Spleen. — ^The spleen weighs 450 gm. and measures 16 x 11 x 6 cm. The 
capsule is wrinkled and gray. On section the pulp is dull red and thickly 
studded with yellowish-white, cheesy areas, measuring from 3 to 15 mm. in 
diameter. 

Stomach and Duodenum. — ^The mucosa is pale and presents no abnor- 
malities. The hepatic cystic and common ducts are patent 

Pancreas. — The pancreas feels firm. On section the parenchyma pre- 
sents no abnormalities. 

TAver. — ^The liyer weighs 1900 gm. and measures 27 x 20 x 11 cm. On 
section it is reddish-brown in color and the lobulation is distinct The 
cut surface is studded with small, yellowish-white areas, 2 to 15 mm. in 
diameter. The peritoneal surfaces of the liyer and gall-bladder are thickly 
coyered with pin-head-sized gray nodules. The gall-bladder contains thick, 
black bile. 
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Kidneys,— Their combined weight is 240 gm. They are equal in size and 
measure 8 x 10 x 4 cm. The capsule strips easily, leaying a pale pinkish 
surfoce. On section the glomeruli stand out prominently, the psrramids 
appear unchanged, the striations are distinct In the cortex there are sev- 
eral small, gray or yellowish nodules, 2 to 5 cm. in diameter. The pelves 
are small. 

Pelvic Organs,— The urinary bladder is not distended. The mucosa is 
pale, and presents no ulceration. The prostate is not enlarged and on sec- 
tion appears normal. 

Intestines. — ^The peritoneal surface is everywhere studded with pearly- 
gray or yellowish-white nodules, several millimeters in diameter. The 
mucosa is pale and presents no ulceration. The appendix appears normaL 

Neck Organs,— The thyroid appears normal. The epiglottis and pharynx 
are not ulcerated. 

Joints,— The left stemo-clavicular Joint is involved in a large caseous 
mass which is semi-solid in the center. The anterior portion of the sternum 
and several centimeters of the inner portion of the clavicle are involved in 
the process. 

Microscopically,— The pericardial exudate, as well as the stemo-clavicular 
mass, has undergone a typical coagulation necrosis. The necrotic tissue 
is in part surrounded by granulation tissue rich in epithelioid and mono- 
nuclear cells with occasional giant cells. Tsrpical tubercles occur in all the 
viscera. They vary somewhat in the relative amount of proliferation and 
exudation in different localities. 

It is interesting to speculate on the progression of the disease in 
this instance. The initial portal of entry was not determinable. The 
two most extensive areas of involvement were the stemo-clavicular 
joint and the pericardial sac. 

As may be seen from the anatomical diagnosis it was believed that the 
disease of the stemo-clavicular joint was primary and that the process 
extended partly through a retrograde lymphatic drainage and partly 
by direct extension into the anterior mediastinum and pericardium. 
The further extension of the process is, of course, self-evident. The 
tubercular pericarditis extended into the right auricle and gave rise 
to a portal of dissemination for the terminal, generalized tuberculosis. 

The physiology of the heart itself is interesting. It is diflScult to 
believe that the weakened musculature, handicapped by the extensive 
pericardial adhesions and the thick casing of caseous material could 
so nearly sustain the normal function indicated by the clinical report. 
The oedema of the feet and the dyspnoea were the only apparent symp- 
toms of decompensation. 
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ACUTE SUPPUBATIVB HYPOPHYSITIS AS A COMPLI- 
CATION OP PUEULBNT SPHENOIDAL SINUSITIS. 

By T. R. B0QQ8 and M. C. WINTERNITZ. 

(From the Meiic(a Department and the Department of Pathology of 
The Johns Hopkins Hospital, Baltim^ore, Md,) 

The recent development in our knowledge of the function of the 
hypophysis may aid in the recognition of acute inflammatory processes 
in this organ. 

So far as could be determined^ no instance of acute inflammation 
localized in this gland is on record ; and for this reason the following 
interesting case of acute hypophysisitis, arising by extension from a 
purulent sphenoidal sinusitis and associated with definite signs of an 
interference with the function of the gland, will be briefly reported. 

Clinical History, — The patient, M. S. H., a white woman, 43 years old, 
was admitted to The Johns Hopkins Hospital Jane 17, 1915, in the medical 
serrice, priyate ward. She complained of intense stiffness and soreness 
of the neck muscles, headache, pain hack of the eyes and tenderness oyer 
the scalp. 

Family History, — ^Unimportant. 

Past History, — (From the family physician.) The patient has been 
robust and actiye. She has had dysmenorrhoea accompanied by seyere 
frontal headaches eyery month, requiring morphia; she has had four 
pregnancies, the last four years ago, during which she had " uremic con- 
yulsions." No other sickness of note until the present attack. 

Present Illness. — ^Began May 7 with general aching all oyer, coryza, sore 
throat, etc, which lasted a few days. On May 20 she complained of soreness 
in the right side of the neck. The throat felt fuU; there was a slight 
tenderness oyer both mastoids. Examination of the ears, neck and throat 
was negatiye at this time. There was no feyer until May 29, when the 
temperature was lOl"" F. The pulse was 101. Respirations 20. Blood pres- 
sure 135. 

Urine. — Albumin and a few casts were present. 

On May 30 the patient was improyed. The temperature was normaL 
Seyeral days later there was a sudden attack of pain in the back, of a few 
days' duration. There was a second attack of pain about the 10th of June. 
Since then the patient has complained of pain of yarying degrees in the 
right side and back of the neck and oyer the scalp. X-ray of the sinuses 
showed the left antrum to be somewhat cloudy. Three X-rays were brought 
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by the doctor, but did not show satisfactorily any sinuses except the 
frontals and antra. 

Note by Dr, Thcmat, 6/17/15, — The patient is apparently suffering a good 
deal. The temperature is lOS"" F. There is pain over the back^of the head 
and neck. The edge of the right c^tic nerve is distinct Left optic nerve: 
The temporal edge is very distinct, the nasal edge is not so distinct The 
eyes are sensitive to light The eye movements are apparently normal. 
Bndeavor to turn the eyes causes pain in the head. 

Note by Dr, Bogge, 6/11/15. — ^The pati^it can be roused to answer ques- 
tions, but quickly lapses again. She complains of pain in the head. There 
is no retraction of the hea^ but stiffness to all movements. There is no 
paralysis of any muscles. 

Ghent, — ^Voluminous; increased resonance to percussion. There are no 
adventitious sounds of any kind. 

Heart, — Not ^ilarged to percussion. The sounds are distant, the rate 
increased. The aortic second sound is accentuated; the pulse is somewhat 
collapsing. The sounds are otherwise clear. Blood pressure 158 (Tycos). 

There is no Kemig's sign. The temperature at 3.30 p. m. is 104^ F. 
Leucocytes, 11,600. The blood drawn from a vein this day shows the 
nitrogen coefficient normal. The blood sugar is 0.243 per cent 

Vrine. — The reduction test is atypically positive. Sp. Gr. 1023. There 
are many casts and a considerable amount of albumin. The acetone and 
diacetic acid tests are strongly positive. After two slices of bread for 
supper there was 2^ per cent of glucose in part of the morning urine 
obtained by catheter (6/18/15). 

Note by Dr, Boggs, 6/18/15, — The patient is much worse, more deeply 
comatose. There is no retraction of the head. The optic nerve heads seem 
quite normal. Direct and endoscopic examination of the nasal and pharyn- 
geal cavities by Dr. Crowe show that the external orifices of all the sinus 
ducts are normal in appearance. The maxillary and frontal sinuses are 
apparently normal on transillumination. There is no evidence of weakness 
or palsy in the muscles of the eyes, face or head. The neck is stiff as it 
was yesterday. The temperature is 105.8*' F. There is no Kemig's sign. 
The patient is too sick for an X-ray examination. There is obviously 
some intracranial inflammatory process. Cerebral abscess (?). Encepha- 
litis (?). 

6/19/15. — ^The patient's temperature has remained high and gradually 
risen to 107^ F. There is deep coma. There is no paralysis of the face or 
trunk musdes. Opthalmoscopic examination is the same as that of yester- 
day. There are a few fine rftles at the bases of both lungs. 

The patient gradually sank and died at 1.30 p. m. The temperature had 
then risen to 108.5'' F. 

At no time were there any convulsions, either tonic or clonic There was 
no strabismus or ptosis. Immediately after death lumbar puncture showed 
clear fluid. There were 450 cells per cu. mm. ; of these, 25 were white cells, 
vix., mononuclears 19, polymorphonuclears 6; the rest were red blood cells. 

Autopsy No. 4385. Autopsy 2^ hours after death. Dr. Wintemits. 
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Anatomical Diagnosis. Primary: Purulent sphenoidal sinusitis; exten- 
sion through the sella turcica, involvement of the hypophysis, subacute, 
hsmorrhagic basilar meningitis, extension along the meninges to the right 
Sylvian fissure, acute encephalitis (right), cloudy swelling of the viscera, 
acute splenic tumor. Subsidiary: Bilateral apical pulmonary scars, encap- 
sulated tubercular lymphadenitis (bronchial) ; bronchc^neumonia. 

The body is that of a well-nourished white woman, 163 cm. in length. 
Rigor mortis is not present in the extremities. There is only a slight 
lividity of the back. The pupils are equal and slightly dilated. The abdo- 
men is slightly distended and shows numerous linen atrophic®. The sub- 
cutaneous fat is abundant and the abdominal muscles are well developed. 
The abdominal cavity ccmtains no excess of fluid. The peritoneal surfaces 
are everywhere smooth and glistening. The abdominal organs are nor- 
mally disposed. 

Thorax. — The pleural cavities are free of excess of fluid and adhesions. 
A small amount of thymus tissue is found embedded in the adipose tissue 
of the anterior mediastinum. The pericardial sac contains no excess of 
fluid. The pericardial surfaces seem normal. 

Heart. — ^Weight, 300 gm. The epicardium contains an abundance of fat; 
its surface is smooth and glistening. The coronary vessels are not promi- 
nent or tortuous. The cavities and valves of the heart present nothing 
abnormal. The base of the aorta shows a few small slightly elevated yellow 
patches. The heart muscle, on multiple section, has a uniform reddish- 
brown color. 

Lungs. — The left lung is very small. The lower lobe is particularly 
small and of a much darker color than the upper lobe. It is non-crepitant 
throughout its greater portion. The pleural surface is everywhere smooth. 
There is a minute scar at the apex of the lung. One hilic lymph gland has 
a calcifled nodule within it The pulmonary vessels are delicate throughout. 
The bronchi are slightly congested and contain a small amount of frothy 
serum. On section the upper lobe is pale pinkish-gray in color, the lower 
lobe of a dark maroon color. No areas of broncho-pneumonia can be defl- 
nitely made out. The right lung resembles the left in almost every respect. 
It has the same apical scar, and on section a few small areas of fresh 
hemorrhagic broncho-pneumonia are to be made out 

The spleen weighs 225 gm. and measures 13 x 8 x 6 cm. Its surface is 
everywhere smooth and normal in appearance. On section there is an excess 
of maroon-colored pulp. The Malpighian bodies are small. The trabeculs 
are not increased in thickness. The duodenal mucosa is slightly bile- 
stained, otherwise normal in appearance. The gastric mucosa is quite pale, 
except at the fundus, where a few small ecchymoses can be made out. The 
We-ducts and pancreatic-ducts are patent throughout They Join each other 
just before their common entrance into the duodenum. 

The pancreas is very large and firm. It has no excess of fibrous tissue. 
The lobulations are not unduly prominent On section, the parenchyma has 
a dull gray color; the islands of Langerhans are made out with difllculty. 

The liver weighs 1680 gm. and measures 25 x 16 x 8 cm. Its capsule is 
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smooth, and on section the lobulation can be made out with difficulty. The 
parenchyma has a deep reddish-brown color; the periportal areas are pale 
gray. 

The adrenals are large, firm and normal in appearance. 

The kidneys weigh 360 gm. The right kidney measures 12 z 7 x 4.6 cm. 
Its capsule strips off readily leaving a pale grayish putty-like surface on 
which stellate vessels can be readily made out On section, the cortex 
measures about 6 mm. in thickness. The striations are quite regular. 
The parenchyma has a yellowish color. The glomeruli -are made out with 
great difficulty. The pyramids are slightly more congested than the cortex. 
The pelvis is quite normal. The left kidney resembles the right in every 
respect The pelvic organs present nothing abnormal. 

Intestines, — The intestinal muscosa is pale grayish-pink in color through- 
out 

The head was injected thoroughly with formalin before the removal of 
the brain. 

Brain, — On removal of the scalp a fresh blood extravasation, 6 cm. in 
diameter, is found in the loose subcutaneous tissue over the frontal bone, 
otherwise the scalp, calvarium and dura, over the convex surface of the 
brain, present nothing of importance. The base of the brain is covered with 
a dark red friable exudate. This is most abundant over the toqI of the 
fourth ventricle and around the optic chiasm. It involves to a lesser degree 
the roots of the cranial nerves and the cerebral peduncles, and extends 
through the pia-arachnoid along the right side as far as the Sylvian 
fissure where it forms an irregular reddish discoloration. This reaches 
forward as far as the frontal gyrus. The granulation tissue at the base of 
the brain is spotted here and there with opaque yellowish foci. These 
are much more prominent along the vessels near the Sylvian fissure, where 
they become confiuent and form mantles for the engorged veins. Smears 
from these foci show them to contain large numbers of pus cells and 
staphylococci. 

On coronal section of the brain the above-described infiammatory process 
(A the right side of the Sylvian fissure may be seen to extend along the 
meninges. The entire right half of the substance of the cerebrum has a 
bluish-pink color, which is most marked near the surface. In the region 
of the basilar ganglia there are numerous minute areas of softening. 

The dura, at the base of the skull, chiefiy in the region of the sella turcica, 
is involved in similar hsemorrhagic granulation tissue. 

The hypophysis itself appears as a dark red body. It is more easily seen 
after the posterior wall of the sella turcica has been elevated. By raising 
this fiap of bone pressure is exerted sufficient to force a small stream of 
thick creamy pus from the tissue surrounding the hypophysis. 

In order to preserve the relationships as well as possible, a large portion 
of the sphenoid bone with the sinuses, the sella turcica, the hypophysis and 
the bony septum of the nose are removed together. 

The right side of the sphenoidal sinus is filled with a thick pus, which 
extends along the septum and is present to a less extent in the left side. 
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The hypophysis is remoyed with difficulty from its nest in the bone. This 
is due to the friability of the gland and to the extensiye red granulations 
which obscure its demarcations. The tissue surrounding it is streaked with 
pus. Small bits of the anterior lobe, dislocated by the removal, show that 
the substance of this portion of the gland is of a dark red color. 

The remainder of the skull including the ears shows nothing abnormal. 

A pure culture of stM>bylococcus aureus was obtained from the pus of the 
sphenoid sinus and the heart's blood. 

Two sections for microscopic study of the cerebrum were made, one of 
the entire central portion of the left side and one of a similar portion of the 
right side of the brain. 

The section through the right side shows that the pia-arachnoid on the 
surface as well as between the convolutions is infiltrated with blood and a 
varying number of polymorphonuclear leucocytes. In some areas these 
latter cells predominate and form almost the only constituent of the exudate. 

The blood vessels throughout the substance of the brain are prominent 
The peri-vasicular tissue spaces are frequently filled with polymorpho- 
nuclear leucoc3rtes. , 

The brain tissue in general seems very little affected. Occasionally small 
areas of focal mononuclear accumulations occur and polymorphonuclear 
leucocytes may be found, either in these areas or scattered through the 
brain tissue. The nerve cells seem somewhat swollen, but no marked 
changes can be made out in the preparation (hematoxylin and eosin). 

A similar but much less marked process is found in the section from the 
left side of the brain. 

Hypophysis. — ^The membranes surrounding the hypophysis show an 
extensive inflammatory process. The vessels and venous sinuses are fre- 
quently occluded by infected thrombi. An exudate consisting of fibrin, 
serum and polymorphonuclear leucocjrtee extends from the occluded vessels 
through the membrane of the hypophysis but, as a rule, does not penetrate 
the substance of the gland. 

The anterior lobe is large and its engorged blood vessels contain an 
abnormally large number of poljrmorphonudear leucocsrtes. The cells at 
the periphery of the anterior lobe are not infrequently separated from their 
basement membrane. 

A large V-shaped area, from one-half to one-sixth of the anterior lobe, 
appears as an infarct Here the cells are swollen, devoid of nuclei and 
structureless. The cells directly surrounding this area are slightly involved, 
but in general the line of demarcation is sharp. 

The pars intermedia is not sharply made out in any of the sections. The 
colloid is normal in amount, but the cells are not well preserved. 

In many sections the posterior lobe is swollen and its tissue broken into 
strands and islands. The irregular clefts separating these have no definite 
lining cells. Here and there a small bit of posterior-lobe tissue, in which 
the nuclei are entirely absent, is surrounded by a wall of mononuclear and 
poljrmorphonudear leucocytes. In many of the clefts small masses of 
necrotic material and polymorphonuclear leucocytes occur. 
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Fig. 1. — Hypophysis from above. 
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Fig. 2. — Lateral view. 
Sphenoidal Sinus. 
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Fig. 3.— Base of Brain. 
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The infandibnlar stalk is swoUen and its tissue separated by nomeroiis 
clefts similar to those in the posterior lobe of the hypophysis. It is sur- 
rounded by a wall of acute inflammatory exudate. 

C0NOLU8IOKS. 

The points of clinical interest are : 

1. The entire absence of localizing or neighborhood symptoms in 
the central nervous system. 

2. The presaice of hyperglycemia and glycosuria as possible evidence 
of involvement of the pituitary gland in a person previously not glyco- 
Guric and showing signs and symptoms of intracranial inflammation. 

3. The normal appearance of the external orifices of the cranial 
sinuses does not exclude sinusitis of the severest grades. 

4. The great importance of a thorough, competent X-ray examina- 
tion in such cases. 
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A CASE OF PULMONABT MONILIASIS IN THE 
UNITED STATES. 

By THOMAS R. BOQQS and M. C. PINCOFFS. 

{From the Medical Clinic of the CUp HoepitiOe at Ba^ View and the 
Department of Pathology of The Johne HopMne Univereitp.) 

The patient was a native American housewif e^ 44 years old. Symp- 
toms of carcinoma of the left breast and an infection of the axilla ante- 
dated by 8 months the terminal illness in January, 1915. 

A few days after incision into the large axillary abscess the patient 
suddenly developed a severe cough with profuse expectoration of bloody 
pus. She died 18 days later, after several severe pulmonary hsemor- 
rhages. 

A fine mycelium was found in the expectorated material and from 
this a pure culture of a yeast-like organism was obtained during the 
patient's life and also from the autopsy. 

This organism on culture developed a characteristic mycelial growth 
and morphology which seemed to place it in the Monilia group. The 
organism was in all respects morphologically similar to that described 
by Ashf ord for tropical sprue. 

At autopsy the patient's left lung showed a caviiy botmded by the two 
pleural layers at the apex. This communicated with the lung tissue. 
There was an extensive pneumonic process characterized by marked pro- 
liferation of the alveolar epithelium and the absence of pus cells and 
fibrin. The intercostal muscles and subcutaneous tissue on the left 
side of the chest were also involved. 

The demonstration of the organism in the tissues was very di£Scult 
as they decolorized so readily, but peculiar beaded parallel chains and 
bizarre stellate and irr^ular cylindrical forms were f otmd. 

The injection of the organism into rabbits by way of the ear vein 
produced a characteristic disseminated infection with fine grayish- 
white nodules in the renal cortex, spleen, liver, cardiac and skeletal 
muscles and the lymph-adenoid tissue of the alimentary canal. The 
animals died within from 2 to 6 days. 
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The organism was recovered from these experimental lesions and 
demonstrated in sections by the use of special stains. 

Intratracheal injection resulted in a pneumonia essentially like tiiat 
found in the human case. Proliferation of the alveolar epithelium was 
marked. 

Full details of the case and a description of the organism may be 
found in The Johns Hopkins Hospital Bulletin, 1916, XXVI, 407. 
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GAUCHEB^S DISEASE. A EEPOBT OF TWO CASES IN 

INFANCY.* 
By J. H. M. KNOX, H. R. WAHL and H. C. 8CHMEI88ER. 

The cases reported occurred in two infants, sisters, who were studied, 
one at the Thomas Wilson Sanitarium and the other at the Harriet 
Lane Home. 

The first was seen during the summer of 1912, when 9 months of age. 
She was of Eussian- Jewish parentage. There had been 11 children, 
and none of the others had shown a similar condition. The patient 
had had no acute symptoms prior to admission, but had never thrived 
and was considerably emaciated. The abdomen was markedly enlarged 
owing to the enlargement of the liver and spleen. The latter extended 
4i inches below the costal margin. The skin, particularly about the face 
and arms, had a brownish pigmentation. The superficial lymph glands 
were somewhat enlarged. The blood showed a moderate anaemia and an 
increase in the number of the small mononuclear leucocytes, which was 
most marked the day before death, when the child was 11 months old. 

The most striking changes found at autopsy on gross examination 
were in the liver and spleen. Both were greatly enlarged. The liver 
weighed 416 gm. It was yellowish-pink and opaque, with a " putty- 
like^^ consistency. The spleen weighed 86 gm. The reddish-brown 
pulp was mottled with yellowish-pink patches. It had a rubbery con- 
sistency* From the sectioned surface of both organs a yellow, frothy, 
mucoid material, resembling condensed milk, exuded. The adrenals 
were enlarged. 

On microscopical examination nearly all the tissues of the body, par- 
ticularly the lymph-adenoid tissue, thymus, spleen, liver and adrenals, 
contained large round, oval or polygonal cells, with a faintly staining 
cytoplasm filled with vacuoles or small ref ractile spheres. The nucleus 
was round or oval and slightly larger than that of a lymphocyte. 

The ref ractile droplets gave the micro-chemical reaction character- 
istic of lipoid material. In some of the organs these large cells prac- 

* A summary of a paper published in The Johns Hopkins Hospital Bulle- 
tin, January, 1916. 
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tically displaced all of the nonnal tissue. Frequently they were present 
only in small groups. 

While the tissues of the first case were being studied^ the mother 
brought to the Harriet Lane Home another baby, 5 months old. The 
child presented symptoms practically identical with those of the first 
case. The blood examination showed changes similar to those in Case 1. 
The liver and spleen were greatly enlarged. Treatment with radium 
was not helpful, although following it the number 'of leucocytes was 
markedly diminished. The diagnosis was confirmed by the excision of 
a superficial lymph gland, in which groups of cells characteristic of the 
condition were found. On examination of the eye-grounds of the second 
case, cherry-red spots were described in the maculae similar to those in 
the amaurotic family idiocy. The patient died after a lingering illness 
of 10 months. The gross and microscopic post-mortem examination in 
the second case showed changes practically identical with those fotmd 
in Case 1, excepting that the process was more intense, and similar 
cells in large numbers were present in the brain. In both cases the von 
Pirquet and Wassermann tests were negative. 

We believe that this condition is identical with the one first described 
by (Jaucher in 1882. Since this time about 16 cases, confirmed by care- 
ful pathological examination, are recorded in the literature. Most of 
these were in adults, but there is reason to believe that the process may 
begin in infancy and continue for years tmobserved. 

The only other case reported in infancy is that of Nieman. The 
rapidity of the process would seem to be more intense the earlier the 
age of the patient. The origin of the characteristic cells is imcertain. 
They seem to arise from endothelial cells of small vessels or from cells 
of the reticulum. The reason for the remarkable cell picture and the 
production of lipoid material is still uncertain. 
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A FATAL CASE OP MULTIPLE PRIMABY CABCINOMATA.* 

By E. D. PLA88. 

(From tJie Department of Pathology of The Johns Hopkin$ VniverMy, 

Baltimore, Md,) 

This case is one of unusual interest, because it offers a post-mortem 
confirmation of the clinical cure of a gastric carcinoma by early radical 
operation, and because it presents a second and a third primary cancer 
which resulted in death. 

It is difl5cult to eliminate the possibility that a second supposedly new 
growth occurring in the same individual is not merely a metastasis 
from the original neoplasm. 

The independent genesis of more than one primary malignant epi- 
thelial new-growth, together with their occurrence 7 years after a 
curative operation for adeno-carcinoma of the stomach gives this case 
exceptional interest. 

Case Report. 

A Bohemian woman, 43 years old, married, was admitted to The Johns 
Hopkins Hospital on December 13, 1907. (Medical No. 21,966.) 

Complaint. — Burning in stomach and lump in stomach which can be felt 
at times. 

Family History. — ^Father, aged 67 years, died of cancer of the upper arm 
from which he had suffered for 18 months. The patient has three children, 
the youngest 7 years old. The remainder of the history is unimportant 

Present Illness. — Since February, 1907, the patient has noticed a " sense 
of heaviness ** in the stomach after every meal. There never has been any 
sharp pain or soreness, but frequent eructations. In June, 1907, the dis- 
tress after eating (distension) had become so obstinate that a physician 
was called who gave her some relief by medicaments. It was noticed that 
meat caused more distress than other, foods. There was vomiting on only 

*This same case has been utilized briefly by Bloodgood (Jour. Amer. 
Med. Assoc, 1916, LXIV, 2031), in his article dealing with the cases of 
gastric carcinoma recorded in the Surgical Pathological Laboratory of The 
Johns Hopkins HospitaL He reviewed 186 such cases and found only 49, 
or 26 per cent, operable. Of the 49 caaes in which resection was done, only 
3 of the patients had remained free from recurrence for 6 years following 
operation. Thi& case is the same as No. 2 of his report 
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three occasions — the first on November 25, 1907. The vomiting was never 
prolonged, and each time came on about one hour after eating. The 
vomitus consisted of food particles, but there were never any black or red 
masses. During the past four months there has teen a progressing weak- 
ness and an appreciable loss of weight. A mass has been felt in the upper 
abdomen for six months. 

Physical Examination.— The patient is a thin woman with a slightly 
pigmented skin. A hard nodular well-defined mass, about 5 cm. in diameter, 
is easily palpable just above and to the left of the umbilicus. It descends 
with inspiration and is freely movable, especially toward the right. There 
is no intrinsic pulsation, no marked tenderness, no muscle spasm, and there 
are no other masses. Upon infiation the stomach is slightly larger than 
normal and the mass moves to the right. Occult blood is present in the 
fffices. 

Ewald Test Meal.— 40 cc. recovered; one small blood-clot (0.5 cm. in 
diameter) ; no free HCl; no lactic acid; total acidity, 13.5 per cent 

A desmoid pill given half an hour after a meal was recovered intact. 

Blood Count. 
December 14, 1907: 

R. b. c 4,800,000 Hgb 807^ 

W.b.c 10,000 (P.M.N.,67%; S.M.,25%) 

January 1, 1908: 

R. b. c 3,000,000 Hgb 50% 

W.b.c 8,400 

The temperature varied from normal to 100.5* P. 

Diagnosis. Carcinoma of the stomach. 

The patient was transferred to the Surgical Service on January 3, 1908. 
(Surgical No. 21,776.) 

Operation.— January 4, 1908 ; Dr. Miller. 

The abdomen was opened by a left rectus incision, 15 cm. long. There 
was a palpable and visible mass in the anterior wall of the stomach near 
the pylorus, and there were a few slightly enlarged glands, especially on the 
lower (greater) curvature. A resection of the pyloric portion of the 
stomach and a posterior gastro-jejunostomy were made (Billroth 2 oper- 
ation). The region of the suture was drained. The convalescence was 
uneventful. The drains were removed on the fourth day and the patient 
was discharged on the twentieth day. 

Description of the Specimen (Surgical Path., No. 8679); Gross.— The 
specimen consists of the lower portion of the stomach. The mesentery on 
the lesser curvature is 2.5 cm. long and is slightly infiltrated with inflam- 
matory products. There are several small glands, which feel hard and on 
section are gray, homogeneous and somewhat soft. They appear inflam- 
matory rather than metastatic. On the greater curvature there is a longer 
mass of mesentery, which is less infiltrated but contains more glands. One 
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of these is quite large (1.0 cm.), rather firm and has a zone of hard white 
tissue — definitely a cancer metastasis. The tumor is an ulcer which extends 
around the entire circumference of the pylorus. There is a free margin of 



Fig. 1. — Section through the adeno-carcinoma of the stomach removed 7 years 

before death. 

the top of the rim. The surface of the ulcer is rough, but preserves some- 
what the rugae of the normal mucous membrane. The ulcer consists of a 
narrow zone of firm tissue extending to the peritoneal coat, which is fixed 
to the tumor except at the elevated rim. On section the tumor cuts like a 
cancer. It is of a gray rather homogeneous appearance like a cellular scir- 
rhous cancer. 

Microscopical Examination (Dr. Bloodgood). — The ulcer near the center 
shows hypertrophy of the glands of the stomach with predominating lining 
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cells of the mucous type. This probably represents the elevated mucous 
membrane edge. As the ulcer is approached, the cells of the alveoli change 
their character. They are smaller, the lining cell is less mucous and there 
is a great Increase of connective tissue between the alveoli of cells. As we 
approach the center of the ulcer the cells are loose, and in the granulation 
tissue there is less tendency toward an adenomatous arrangement. The 
arrangement and morphology of the cells are those of cancer. One gland on 
the lesser curvature and one on the greater shows probable metastasis. 

The patient was readmitted to the hospital February 15, 1915. (Gyn. No. 
20,960.) 

History of the Interval. — The patient has had no gastro-intestinal symp- 
toms since the operation 7 years ago, and has remained perfectly well until 
the onset of the present illness. 

This began three months ago with morning nausea. At that time the 
abdomen began to swell and gradually enlarged until it caused shortness of 
breath. For the past three weeks there has been severe abdominal pain 
more marked in the lower portion; the appetite has been poor, but there 
has been no vomiting. The patient has become weaker and has been losing 
weight for the past three weeks. During this period there has been a 
profuse vaginal discharge of a sero-purulent, not bloody, character. 

Physical Examination. — The chest findings are unimportant, the abdomen 
is uniformly distended. There is a slight protrusion of the umbilicus and 
the upper portion of the abdomen gives a high pitched tympanitic note; 
there is shifting dullness in both flanks. A large tumor mass arises from 
the pelvis and extends to within about two finger-breadths of the umbilicus. 
This tumor mass is slightly tender and is quite firmly fixed. 

Examination. — The vagina is somewhat relaxed; the cervix is high. There 
is a large indurated area just within the vaginal orifice under the bladder. 
The entire anterior vaginal wall is infiltrated. The fundus is in the anterior 
position and appears about normal in size. The large cystic mass described 
above is apparently attached to the right broad ligament and bulges into the 
fornix. The left fornix is soft There is no (edema, the blood pressure is 
130 mm.; the Hgb. 50%. 

The temperature showed a daily rise, the pulse remained rapid, the patient 
gradually failed and died on March 8, 1915. 

Autopsy No. 4304, 3 hours after death; Dr. Wintemitz. 

Anatomical Diagnosis. Primary: Adenocarcinoma of the body of the 
uterus; metastasis to the regional lymph glands. Bilateral fibro-cystic 
adenocarcinoma of the ovary; rupture of the cysts with extensive hsemor- 
rhagic extravasation into the peritoneum; anaemia; Jaundice; extensive 
emaciation. 

Subsidiary. — Operation: Resection of pylorus for gastric carcinoma; 
posterior gastro-jejunostomy. 
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Abstract of Protocol. 

The stomach shows a perfectly healed gastro-jejunostomy and appears 
normal throughout. There are no evidences of any recurrence of the 
malignant growth. 

The retroperitoneal glands are enlarged and on section are homogeneous, 
grayish-white in color, with here and there an opaque yellowish spot of 
necrosis. 

The veins around the bladder and vagina are everywhere thrombosed. 
The bladder shows one small gray nodule in the fundus beneath the mucosa. 



Fig. 2. — Posterior view of the uterus and two ovarian tumors. 

The uterus is 9.0 cm. long, 7.0 cm. wide, and the walls are 2.0 cm. thick. 
The anterior upper surface is studded with yellowish, slightly elevated 
masses, varying in size up to 1 cm. The cervix appears normal, but there 
is a yellowish viscous mass protruding from the external os. When the 
organ is opened through the anterior wall the cavity is seen to be filled 
with a yellowish friable polypoid mass. The polypoid nature is especially 
marked near the cervix. The wall is quite homogeneous and yellow in 
color in the upper portion, whereas near the cervix it is white and irregu- 
larly striated with a few small yellow nodules scattered through it. 

In the left ovary is noted a cystic mass, 6x5 cm. The tube is normal and 
runs over the upper anterior part of the tumor. The fimbriated extremity 
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is patent. The ovarian ligament is short and feels thickened and hard. The 
round ligament is normal, and there is no apparent induration of the lower 
part of the broad ligament. The surface of the tumor is smooth and its 
consistence soft. On section there is a gelatinous capsule with areas of 
yellowish induration. There is one large and several smaller communi- 
cating cyst cavities filled with bloody fluid. 

The right o^ary measures 16 x 13 x 12 cm., and in general is rather firm. 
Scattered over the surface there are several cysts, up to 4 cm. in diameter, 



carcinoma. 

filled with bloody fluid. On section the tumor is reddish in color with 
irregular areas of yellow tissue. The interior of the cyst cavities is ragged 
and haemorrhagic. The tube and round ligament are free and seem normal; 
the ovarian ligament is short and feels not indurated. 

Microscopical Examination (Dr. Elizabeth Hurdon). 

Uterus. — The endometrium has been entirely replaced by a papillary 
glandular growth; irregular epithelial masses invade the musculature in 
all directions. The epithelial cells fllling these alveoli in places show a 
glandular arrangement, but for the most part form solid nests, many of 
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which show central necrosis. The individual cells are fairly uniform in 
size, but stain irregularly and contain numerous mitotic figures. 

Left Ovary. — The small tumor on the left side is made up of large and 
small alveoli which are irregular in shape and frequently anastomose. These 
alveoli are filled with closely packed epithelial cells having small deeply- 
stained, granular nuclei. Here and there the cells are arranged around a 
small central lumen and are low columnar to cuboidal, but for the most part 
the cells appear to be spheroidal in shape. The centers of the larger cell 
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masses are necrotic, and in many complete liquefaction of the central 
portion has occurred, giving rise to small cysts which are lined with sev- 
eral layers of epithelium. The abundant stroma consists of an extremely 
(Edematous fibrillated meshwork, containing a moderate number of small 
spindle-shaped, connective-tissue nuclei. There are a number of plasma 
cells scattered throughout the stroma. 

Right Ovary. — The large tumor of the right ovary is almost completely 
necrotic, only a small margin of the peripheral portion showing well- 
preserved tissue. This area presents practically the same structure as that 
of the left ovarian tumor. 
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In the outer muscular layer of the uterus there are several large cell 
masses resembling those noted in the ovarian tumor. Some of these seem 
to be enclosed in definite vascular spaces. Similar cell-nests are found in 
the left utero-ovarian ligament and are probably a direct extension of the 
ovarian growth. 

Diagnosis. — Adeno-carcinoma of the uterus. Bilateral ovarian carcinoma. 

Summary. 

This ease showed a primary adeno-carcinoma of the stomach, with 
metastasis to two neighboring lymph glands, which was cured by 
radical operation seven years ago. 

Two second primary growths, an adeno-carcinoma of the uterus and 
bilateral ovarian carcinomata, which apparently bore no relation to the 
stomach tumor, developed and resulted in the death of the patient. 
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CONGENITAL OBLITERATION OF THE BILE-DUCTS. 

By JAMES B. HOLMES. 

{From the Department of Pathology of The Johns Hopkins University, 

Baltimore, Md.) 

Congenital obliteration of the bile-duets is not an extremely rare 
condition. Over 100 cases have now been reported. The following 
case is typical in its clinical history and course and unusual only in the 
anomaly associated with the gross malformation of the ducts. In this 
it resembles Miller's case. Briefly the history was as follows : 

Clinical History. — ^H. H., a well-developed infant was brought Co the 
Harriet Lane Dispensary, when 7 weeks old, with the complaint that his 
skin had been yellow from birth. The family history was negative for 
tubercalosis and ssrphilis. The birth was normal; the child weighed 8% 
pounds; was breast-fed; the first stools were said to have been copious, 
loose and green. 

When admitted to the Harriet Lane Home at the age of 9 weeks he was 
well nourished; the skin was uniformly and deeply bile-tinged; the liver 
and spleen were palpable two flngerbreadths below the costal margin. The 
blood picture was essentially normal. The von Pirquet and Wassermann 
tests were negative. 

The stool had a slight but definite greenish-yellow tinge; bile-pigments 
were lacking. The urine stained the napkin yellowish-green, was dark- 
colored and add, but not abnormal, save for the presence of bile. A 
puncture wound in the child's heel bled for many hours and was controUed 
with difficulty. Two weeks after admission the child vomited blood-stained 
fiuid, and melsna appeared. A week later an ecchymosis appeared over 
one of the lower ribs, followed by other subcutaneous hemorrhages. He 
remained well nourished up to his death at home, at 15 weeks of age. 

Abstract of Post-mortem Examination (Autopsy No. 4328). — Rigor mortis 
is present AU the tissues are bile-stained. The blood is everywhere fiuid. 
The liver is deep purple; the surfaces and cut section are mottled by fine 
stellate radiations of connective tissue. The intrahepatic bile-ducts do not 
appear dilated. The anatomical relations of the liver and adjacent organs 
are normal, as is also the lobulation of the liver. The gall-bladder is 
represented by a fibrous cord with two dark greenish-black enlargements 
that contain bile and thick mucus. There are three hepatic ducts. They 
meet in a common chamber that measures 2 to 8 mm. in diameter and is 
situated at the level of the Junction of the cystic and hepatic ducts. Fine 
probes can be passed up each hepatic duct to the liver substance. A very 
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fine duct leads upward toward the first enlargement in the gall-hladder 
tract; it represents a partially ohliterated cystic duct A fihrous cord leads 
from the chamber toward the papilla of Vater; no lumen can be demon- 
strated in it The pancreatic duct opens normally, and the pancreas is of 
normal size and appearance. The hepatic and pancreo-duodenal arteries 
and the vena cava seem normal The sjrmpathetic plexus and the forunen 
of Winslow and its relations are normal. 

Microscopically,— The liver shows a marked biliary cirrhosis. The cir- 
rhotio areas contain small collections of Ijrmphoid cells, polyblasU and 
delicate connective-tissue cells. At the edges this tissue bl^ids almost 
imperceptibly through gradual tnoisitions into normal liver parenchyma. 
Normal-looking bile capillaries and ducU occur in the cirrhotic areas and 
also large sinusoidal spaces filled with coagulated material that resembles 
serum. Small collections of granular material—bile pigment— lie free in 
the capillary spaces and between or upon the columns of the liver cells. 

Serial sections from the biliary tract show normal pancreatic tissue and 
ducts, and no evidence of infiammatory reaction in the adjacent structures. 
The position of the common duct is occupied by loose connective tissue, in 
which the hepatic vessels and nerves are embedded. The chamber into 
which the hepatic ducts empty is lined in places with fiattened epithelial 
cells. The cystic duct is impervious for a short distance. Where patent, 
it is lined with elongated epithelial cells; elsewhere the lumen is occupied 
by a mass of these cells. The walls of the gall-bladder enlargements, and of 
the chamber above referred to, consists of mare or less tangentially arranged 
connective-tissue cells. The wall is not unusually thickened and does not 
appear to be matted to the adjacent structures. The neighboring surfaces 
of the liver are covered with normal peritoneal lining. 

Minor abnormalities^ espet^ially those affecting the cystic duct alone, 
occur with great frequency. Variations in the number and arrange- 
ment of the hepatic ducts are not uncommon. The relative size of the 
various ducts may vary greatly. 

Occasionally the constriction or other abnormality leads to atresia or 
complete obliteration of the gall-bladder, or of one of the biliary ducts. 
Thomson in 1890, and Benecke in 1907, collected and carefully tabu- 
lated in all 74 cases. Since then more than 40 additional cases have 
appeared. 

A careful tabulation of all cases available shows that the utmost 
variety of lesions are found. Clinically only those cases involving the 
common duct, or the hepatic ducts (rarer) are of importance. Most 
published cases are of this type; they alone usually are associated with 
definite symptoms. In about one-half of the cases in which the com- 
mon duct is affected, there are other associated lesions, commonly an 
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impervious cystic duct or malformation of the hepatic ducts or both. 
The atresia very rarely may involve the pancreatic duct. 

In over 16 per cent of all reported cases of atresia of the bUe-ducts, 
both the cystic and hepatic ducts were essentially normal and com- 
municated with each other. 

There is thus established the possibility of surgical relief. Fuller 
details of this will be given in the completed study, which will shortly 
be published. 



bfeW--"^ 




fttpiUa of Vater 



The above drawing by Mr. Max Broedel is a diagrammatic repre- 
sentation of the changes in our case. 
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MULTIPLE ABSCESSES OF THE BRAIN IN INFANCY. 

By JAMES B. HOLMES. 

(From the Department of Pathology of The John$ Hopkins University, 

Baltimore, Md,) 

Multiple abscesses of the brain in infancy are rare. In the follow- 
ing case it is not possible wholly to exclude multiple tubercles which 
have undergone puriform softening, though the condition more closely 
resembles that of multiple pyogenic abscesses. The disease ran its 
course with the picture of chronic internal hydrocephalus. The history 
was as follows : 

Clinical History. — T. O., a white male infant of 23 months, was brought to 
the Harriet Lane Home with the complaint " Large Head." The family 
history was negative. The birth was at full term, ncm-instrumental; the 
labor was difficult, but the infant apparently was normal and weighed 
9 pounds. He had a severe attack of pertussis at 7 months, without sequels. 
There was never any evidence of trauma or convulsions. 

At the age of 16 months he stopped walking and talking, and 2 months 
later it was noticed that his head had become enlarged. During the next 6 
weeks it was thought that the size of the head increased considerably. 

On admission, at the age of 23 months, the child was a well-developed, 
well-nourished boy. He was inatt^itive; his face expressionless. His head 
was 52 cm. Id circumference, and rather triangular in shape with the apex 
at the forehead. The forehead bulged, giving the impression that the eyes 
were sunken. The anterior fontanelle was large and tense; the sagittal 
suture was ununited, the other sutures firmly united. The superficial veins 
over the frontal and lateral regions were promin^it The eye-balls were 
not dislocated; there was no nystagmus or ocular paralysis. The heart, 
lungs and abdomen seemed normaL 

The child used his left arm fairly well; his right arm poorly. The 
reflexes in both arms and the knee-jerks were exaggerated but equal. There 
was no spasticity; the Babinski reflex was negative; a fairly sustained 
ankle-clonus was obtained at times. 

The temperature was normal; pulse 140-160; respirations 28 per minute. 
Urinary examination negative. White blood count 10,000. The X-ray 
showed " external hydrocephalus " and evidences of pressure on the sella. 
Lumbar puncture yielded clear fluid, apparently under increased pressure. 
The Wassermann test on the blood and spinal fluid was negative. The 
von Pirquet was negative. Attempts at ventricular puncture were unsuc- 
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oewfnl; it waa felt that the yentricleB were not dilated. A sense of 
increased resistance on the right side suggested the presence of brain 
tumor. 

The child's condition, temperature, and white^^ll count remained un- 
changed, as did the size of his head. The right hemisphere was then 
explored; no tumor was found; a good view of the right lateral yentride 
was obtained; it was thoui^t to be definitely enlarged; the field was then 
Tacated. The membranes and bone-fiap were closed in the usual manner. 

After the operation the left arm and leg were flaccid, and by the third 
night had become spastic The temperature ranged from 104 degrees to 
lOS"" F. The eyes deyiated to the left; cedema iM[>peared about the eyes; the 
leucocyte count rose and the child died. Permission for examination was 
limited to the brain. 

PosUnortem Findings (Aut<^[»sy No. 4228). — ^The left hemisphere is en- 
larged; the couTOlutions are wide and flat The left occipital lobe is rela- 
tlTcly soft and the dura is adherent oyer it Section through the temporal 
lobes at the leyel of the optic chiasm reyeals a large abscess in the white 
matter of the left hemisphere. The wall of the abscess is flrm and is appar- 
ently composed of dense connectiye tissue. The abscess contains greenish- 
yellow purulent material of creamy consistency. The cayity measures 7.5 
X 6. 2 X 5.0 cm. The long axis is directed anteriorly. Behind and somewhat 
mesial to it is a somewhat smaller abscess; a secticm half-way between the 
anterior border of the pons and the tip of the occipital lobe passes dia- 
metrically across the second abscess. Posterior to this one are three much 
smaller abscesses. These haye less deflnitely organized walls and the dis- 
tinction between wall and puriform content is less well marked. The aque- 
duct of Sylyius is markedly displaced toward the right; the lum^i of the 
left yentride is completely obliterated by direct pressure; the right yentricle 
is perhaps a little distended. 

Preparations from the contents of the larger cayities and from their walls 
show no micro-organisms; nor are any found after digestion in antiformin. 

Microscopical Notes, — Sections extending through the wall of the cayity 
and the adjacent brain tissue in yarious regions show essentially the same 
features. 

The wall of the cayity is lined with masses of mononuclear cells accom- 
panied by a yery few polymorphonuclear leucocytes. The former contain 
globules of lipoid substances; the latter are typical " pus cells." The wall 
itself is formed of d^ise flbrous tissue. The cells are long and slender, with 
uniform glassy protoplasm; the nuclei are slender and similar to those of 
ordinary connectiye-tissue cells. Groups of mononuclear cells like those in 
the exudate are found as indusions; certain of them stain faintly with 
Sudan III. Adjac^t to the flbrous capsule and blending with it is a zone 
of blood yessels. They are relatiyely numerous and large; lymphatic spaces 
are seen near the larger yessels. Beyond this yascular tissue the com- 
pressed degenerated cerebral tissue can be seen. This has a tendency to 
fall into strands that repres^it single cylinders or groups of axis cylinders. 
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Fine droplets of lipoid substances stained with Sudan III are seen every- 
where. The larger droplets are phacocytised. Beautiful examples of 
cerebral granular cells are seen eyerywhere. The evidences of degener- 
ation diminish as the pia is approached. This is slightly thickened. Its 
capillaries are somewhat enlarged. There is no obvious cellular infiltration 
of the pia. 

Taken as a whole, the sections are remarkable for the unusual develop- 
mffDi and sharp definition of the fibrous capsule or sone of connective- 
tissue reaction and for the prominence and great variety of the cerebral 
granular cells. 

The microscopical study yields no evidence that the lesi(ms are tuber^ 
cukras. It scCTUi very probable that they are multiple pyogenic abscesses. 
As such, they are exceedingly rare at this age. 
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GASTKIC CARCINOMA IN A WOMAN OF TWENTY-SIX 

YEARS. 

By R. G. HU88EY, M. D. 

(From the Department of Pathology, the City Hospitals, Baltimore, Md.) 

The occurrence of primary gastric carcinoma between the ages of 
20 and 30, as collected by various authors, varies between .87 per cent 
and 3.4 per cent, the average being 3.32 per cent. In some instances 
the figures quoted are based on both clinical and autopsy findings, in 
others on clinical evidence only. The percentage is usually higher in 
the latter instances. In a collection of 2604 fatal cases of gastric car- 
cinoma Fenwick reports 2.5 per cent under the age of 30. In 882 cases 
gathered from various Ijondon hospitals, based on clinical findings only, 
3.4 per cent. Welch, in a collection of 2038 cases, finds 2.8 per cent ; 
Reiche, in his Hamburg statistics, 0.9 per cent. 

Six cases between the first and tenth and 16 between the tenth and 
twentieth years have been reported. The diagnosis of many of these is, 
to say the least, open to question. Fenwick, Osier, and others, think it 
very probable that cases of lympho-sarcoma and hypertrophic stenosis 
of the pylorus were mistaken for carcinoma. 

Most authorities agree that gastric carcinoma occurs with equal fre- 
quency in the sexes. However, Fenwick, in a collection of 25 cases 
occurring before the age of 30, found the condition strikingly more 
prevalent in the male, a ratio of 5: 1. All of the 6 cases reported by 
Osier aJid McCrae were in the male. 

Primary gastric carcinoma in the young usually has a sudden onset 
and runs a rapid course, the mean duration being about 3 months. 
There is no evidence that gastric carcinoma in the young shows any 
predilection for site, or peculiarities of metastasis. 

The following case of gastric carcinoma in a woman of 26 years is 
of interest : 

C. B., a white woman, age 26 years, was admitted to the medical ward of 
the City Hospitals in the service of Dr. Thomas R. Boggs, June 10, 1915, 
complaining of " stomach trouble and vomiting." 

The family history is unimportant, as is also the personal history until 
the present illness. She has had no gastric symptoms except occasional 
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attacks of pyrosis, easily relieved by bicarbonate of soda. Her appetite 
has always been good. For the past 10 years she has indulged moderately 
in alcoholic beverages. She was married 10 years ago and divorced the 
following year. There were no pregnancies and no menstrual disturbances. 
The patient has always worked hard (seasonal occupation in local canning 
houses and general housework). 

The onset of the present Illness was about 4 months previous to her 
admission, with repeated attacks of nausea and vomiting. The vomiting 



Fig. 1. — The stomach has been opened along the anterior 
surface between the greater and lesser curvatures. The thick- 
ened wall at the pylorus gradually approaches the normal 
towards the cardia; the duodenum Is not implicated. The 
gastro- jejunal fistula is held open by a Murphy button. A sec- 
tion of a large gelatinous gland is seen on the lesser curvatures 
near the pylorus. 

occurred at first about half an hour after eating, but gradually this interval 
became shorter; there has been no blood and no pain associated with it. 
For two months she has noticed a hard lump in her upper abdomen. There 
has been progressive loss of appetite, weakness and emaciation. 

The physical examination shows an extremely emaciated young white 
woman apparently suffering no acute pain. The abdomen is retracted, the 
walls are thin, there are no operative scars, no dulness in the flanks. The 
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hepatic dulness begins at the fourth rib and extends to the costal margin. 
The spleen and kidneys are not palpable. There is a sausage-shaped mass, 
smooth in outline, situated midway between the ensiform and umbilicus. 
It is freely movable, not tender, and descends on inspiration. 

The blood Wassermann is negative. The haemoglobin is 98 per cent 
(Sahli). The white blood count is 9400. 

The systolic blood pressure is 70. The clinical impression is " pyloric 
obstruction, probably carcinoma of stomach; and starvation." 



Fro. 2. — Microphotograph of section through the submucosa (low power). 

During the first days at the hospital the patient was given nutrient 
enemas which were retained. She vomited whenever any fluid was given 
by mouth; she was generally uncomfortable, but complained of no definite 
pains. Dr. Shipley, Chief of the Surgical Clinic, saw her and advised 
laparotomy, which was carried out on the sixth day after admission. 

When the abdomen was opened, the stomach was found to be involved in 
an extensive malignant process; an anterior gastro-jejunostomy was done 
and the patient was returned to the ward in very good condition. She died 
11 days after the operation. 
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Autopsy, July 4, 1915 (in brief). — The body is that of an extremely 
emaciated young white woman, 150 cm. In length. There is a recent 
laparotomy incision which is held together by catgut sutures. The sub- 
cutaneous fat is very scanty, the pectoral and abdominal muscles are 
atrophied. After separation of adhesions about the incision the peritoneal 
surfaces are seen to be everywhere dull grey in color and covered with a 
granular reddish exudate. The liver, stomach and surrounding tissues 
are matted toe:ether. A portion of the small gut is attached to the anterior 



Fio. 3. — In many of the spaces tumor cells can be seen (high-power 
picture of Figure 2). 

wall of the stomach by silk sutures. The pylorus is firm and this increased 
consistence extends along the lesser curvature towards the cardia. The 
glands adjacent to both curvatures are enlarged and unusually firm: one 
large softer gland at the lesser curvature on section has a thick homo- 
geneous gelatinous appearance (Fig. 1). The gastro-jejunal fistula is held 
open by a Murphy button. The duodenal mucosa shows nothing abnormal. 
The pyloric orifice is so constricted that a 1 mm. probe cannot be passed 
unless considerable force is exerted. The stomach contains a small amount 
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of 8emi-6olld yellowish material; its cayity is considerably reduced, the 
thickness of the wall at the pylorus is 16 mm. and decreases gradually 
towards the cardia, where it is fairly thin; the rugse towards the cardia 
are well marked. The mucous membrane is intact except for an oval area 
2 cm. in its long diameter; this is situated on the posterior wall about 
4 cm. from the pylorus and extends from the lesser to the greater cunrature. 
Here the mucosa is rough and has a yellowish opaque appearance. On 
section the stomach wall is firm in consistence, translucent and peariy-gray 
in color. The oesophagus presents nothing remarkable. 

Anatomical Diagnosis, — Primary: Carcinoma (colloid) of the stornach; 
pyloric stenosis; metastasis to the regional lymph glands. Bmaciation. 
Ansmia. 

iSfttMclton/.*— Chronic cholecystitis with st<xie. 

The microscopical examination of sections taken from Tarious parts of 
the stomach show that the mucous membrane has undergone extensiye 
digestion. From the area on the posterior wall near the pylorus the sub- 
mucosa shows accumulations of mononuclear cells. The submucosa and 
muscular coats are extensiyely infiltrated by the tumor (Fig. 2) . The tumor 
cells vary in shape and size, but for the most part are cubical or cylindrical; 
they have large yesicular nuclei and their cytoplasm is frequently yacuo- 
lated; these yacuoles may be yery large and giye the cell a signet-ring-like 
appearance. Furthermore, many such cells may be grouped together, form- 
ing nests of a tumor which contain few cells and a fine trabecular tracery of 
cell membrane in a large cyst-like cayity. 
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STJBDIAPHBAGMATIC ABSCESS WITH BUPTUBB INTO 
THj; PBSITONEAL CAVITY FOLLOWING INDUCBD 
PNEUMOTHOBAX FOB PULMONABY HiEMOBBHAGE. 

By R. Q. HUSdEY, M. D. 

(From the Department of Patholoffy, the City HoMpitaU, Bay View, 

BaUimore.) 

Medical literature during the past few years contains a wealth of 
material discussing the many aspects of the use of compression of the 
lung by induced pneumothorax. Indications and contraindications 
for the treatment, and the complications arising during its use are the 
chief subjects of discussion. The following case, which came to autopsy 
from the Tuberculosis Clinic of the City Hospitals at Bay View, is of 
interest from its clinical as well as its anatomical aspect^ particularly 
so, because in the extensive literature on the subject there is a decided 
lack of data giving autopsy findings in unsuccessful cases. In the case 
imder discussion the procedure cannot be considered imsuccessful, 
because it controlled the pulmonary haemorrhage which was the indi- 
cation for its application. 

W. L., white, male, age 31, was admitted to the Tuberculosis Clinie of 
the City Hospitals in the service of Dr. Gordon Wilson on May 18, 1915, 
complaining of " spitting blood." 

The family history is interesting. The father of the patient has had 
tuberculosis for many years, and during early childhood the patient was 
exposed to the infection. 

Poet Hi8tary.--inie patient has never had any definite illness save for 
some of the ordinary diseases of childhood, which were not associated 
with sequels. For about 20 years he has been troubled with a cough 
which has been particularly noticeable during the past 10 years. The 
story of his cough is characteristic; a morning cough which at Urst was 
dry and hacking and later productive of thin mucous expectoration; worse 
in the winter; easily aggravated by "colds" and not yielding very 
promptly to ordinary treatment He also has complained of definite pains 
throughout his right chest and shoulder, and has had night sweaU. His 
habiU have been fairly regular; while not a total abstainer, he has never 
drunk or smoked to excess. He has worked regularly as a baker since he 
was 16 years of age, and was married 3 years ago. His maximal weight was 
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180 pounds, 4 years ago; usually he weighs about 160 pounds. He was not 
weighed on admission, but it was apparent that he had lost oonsiderably. 

The onset of the present Illness was about 18 months before admission, 
when he had to stop work on account of a severe pain in his right side; he 
applied to one of the local dispensaries for treatment and at the end of a 
week he returned to his work, although he did not feel entirely well. The 
cough and expectoration became particularly troublesome, and he felt gen- 
erally uncomfortable, and again gare up work in a few weeks. Prom this 
time until his admission to the hospital his condition Taried; he worked 
at intervals, but gradually and steadily declined. Cough, expectoration, 
together with loss of weight and strength, were the principal features. 
About 5 months before admission fluid was removed from his right chest 
by paracentesis. About one month before admission he noticed blood in his 
sputum. 

The physical examination showed a somewhat emaciated white male 
with rapid respirations, 32 to the minute; these were interrupted occa- 
sicmally by cough and expectoration of a blood-streaked muco-purulent 
sputum. The radial pulse was regular in frequency and rhythm; the vessel 
wall was not thickened; the pulse was 112 to the minute; the blood pressure 
was 112/80. There was no general or local glandular enlargem^it The 
relative cardiac dulness was within normal limits; the point of maximum 
impulse was in the fifth interspace, 9 cm. from the mid-sternal line. 

The lower right chest showed a markedly retarded movement Percus- 
sion of the right chest showed moderate impairm^it from the apex to the 
fourth rib, definite impairment from the fourth rib to the base, in front; 
definite impairment from the angle of the scapula to the base, behind. 
Auscultation over the front showed intensified breath sounds with fine 
moist rftles above the fourth rib; distant to almost absent breath sounds, 
somewhat tubular in quality, with coarse rftles from the fourth rib to the 
base; these same changes were heard in the back from the angle of the 
scapula to the base. The left chest was dear mi percussion and auscultation. 

Tubercle bacilli were demonstrated in the sputum. 

Impression, — Cavity in the right lower lobe with thick^ied pleura; infil- 
tration of the upper and middle lobes. 

During the first few weeks in the hospital there was no particular change 
in the patient's condition. Cough with blood-streaked sputum continued, 
and there was a daily rise of temperature to 100.2 ® F. ; the pulse ranged from 
110 to 130. 

One month after admission the patient had a frank pulmonary hiemor- 
rhage of about 250 cc; partial compression of the rig^t lung was thought 
advisable to control the bleeding and 300 cc of nitrogen gas were injected 
by the Forlanini method. The manometer reading at the beginning was 
-5, -12; at the end, -2, -6. There were no untoward symptoms during or fol- 
lowing the treatment; after a few hours there was some displacement of 
the heart to the left The bleeding appar^itly was controlled. No change 
in the temperature or the pulse rate was noticed. 

S 
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Two weeks later there was another hemorrhage of about 250 cc. At this 
time the manometer readings were -5, -13, and 300 oc of nitrogen gas were 
injected with a final reading of -1, -6. Again the bleeding was controlled. 
Further manometer readings were made at intervals during the next 10 
days, and on 3 occasions further compression was made. The manometer 
readings were never above -1. Following these subsequent injections the 
patient complained of no discomfort, although there was considerable 
gradual displacement of the heart to the left The last injection was given 
July 10, 250 cc. of gas being injected with a final reading of -2, -7. About 
4 hours afterward the patient complained of considerable pain and diffi- 
culty in breathing, and showed signs of shock. Attempts to reduce the 
thoracic pressure and stimulants were without effect, and the patient died 
about 4 hours later. 

The autopsy, done the following morning showed the body of a well- 
developed but emaciated young white man, 160 cm. in length. There was 
nothing remarkable externally. When the abdomen was opened, the liver 
was found markedly displaced downward, the upper surface being almost 
at a level with the costal margin. The diaphragm was felt immediately 
above, but one could not pass the hand between it and the upper surface of 
the liver on account of adhesions. The first of these were easily broken, but 
about a finger's length back they were dense and firm. In the right 
peritoneal cavity there was a small amount of thick yellowish-white semi- 
fluid material. Very slight manipulation of the abdominal viscera increased 
the amount of this fluid. 

When the thoracic cavity was opened, the heart was found displaced to 
the left, the right border being at the left sternal margin. The upper third 
of the right thoracic cavity was empty, the parietal pleura was smooth and 
glistening; the lower two-thirds contained the lung. The two upper lobes 
were compressed, non-crepitant, and fitted like a cap over the lower lobe, 
which was adherent to the chest wall by dense adhesions. The left pleural 
cavity showed nothing remarkable. The abdominal and thoracic viscera 
were removed en masse. The lower lobe of the right lung was soft and 
fluctuant The middle third of the base was involved in dense adhesions, 
which glued the pleura, diaphragm, and upper surface of the liver together. 
At the lower posterior border of the lower lobe there was a sinus which led 
into a huge cavity occupying almost the entire lobe. This cavity was sur- 
rounded above, in front and behind, by lung tissue which was non-crepitant 
and studded with many soft yellowish-white areas. The sinus apparently 
connected the cavity in the lower lobe of the right lung with a semi-fluid 
mass between the posterior third of the upper surface of the liver and the 
diaphragm; this in its turn communicated with the peritoneal cavity. In 
passing a probe into the right bronchus there was an apparent narrowing 
of the lumen of the bronchus to the lower lobe. On section the upper 
two lobes of the right lung showed atelectasis; the cavity, which occupied 
almost the entire lower lobe, contained a large amount of thick; dirty, 
yellowish, semi-fluid material. The left lung presented nothing abnormal. 

Anatomical Diaffnosis, — Primary: (1) Chronic ulcerative pulmonary 
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tuberculosis of the right lower lobe. Chronic adhesive pleurisy. (2) 
Operation: Artificial pneumothorax (right) with compression of upper 
and middle lobes. (3) Sinus formation connecting cavity in right lower 
lobe with subphrenic abscess; rupture of abscess into the peritoneal cavity. 
Subsidiary. — Chronic perihepatitis with adhesions to diaphragm and pleura 
in middle third. 

The unnsnal finding of a tubercular cavity of the lung communicat- 
ing with a subdiaphragmatic abscess which ultimately ruptured into 
the peritoneal cavity, permits the assumption that the compression 
played a rdle in bringing about the condition. 

This case is furthermore of interest as it adds an illustration of com- 
pression of the lung, associated with partial obliteration of the pleura. 
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HEART BLOCK CAUSED BY GUMMA OP THE SEPTUM. 

By E. W. BRIDQMAN and H. C. SCHMEISSER. 

(From the Departments of Medicine and Pathology of The Johns Hopkins 
University and Hospital, Baltimore, Md.) 

We are fortunate in being able to record an example of heart block 
in which the complete clinical and pathological findings can be com- 
pared. The case presents several points of interest which, both from 
their rarity and from their possible bearing on the normal cardiac 
physiology, merit consideration. 

T. C, colored, unmarried, laborer, 28 years of age, was admitted to the 
medical service of The Johns Hopkins Hospital on May 13, 1915, with the 
complaint of " An Injury to the Head." His family history is unimportant. 
The patient has always enjoyed good health. His tonsils were removed 
16 years ago, and he has suffered occasionally from tooth-ache; otherwise 
a careful history gives no further information of importance. He denies 
venereal Infection, and his genito-urinary as well as his cardio-respiratory 
history is not remarkable. Daily, he has taken a drink of gin and smoked 
half a dozen cigarettes. 

For the past two months the patient has had dizzy spells, in which he 
has often fallen and injured himsell According to his mother, "He says 
that a ball of pain rises up in the top of his chest and hurts him bad. He 
wants to get it out of his chest, but nothing don't seem to do no good. Then 
he gets vertigo in the head and can't stand up." On April 21, less than a 
month before admission, he fell off of a wagon and struck his head on the 
brick pavement He was able to go back to the store and load his wagon, 
apparently suffering no symptoms, although the present Illness is dated from 
this accident. For some time the patient has been treated by a physician, 
who said that his pulse was the slowest that he had ever felt, ** sometimes 
only 16 to the minute." The patient has received some sort of medicine 
which seems to have precipitated the attacks of vertigo, for his mother says 
that after he had taken some of the black medicine " he most always had 
a dizzy spell." For the past ten days there has been a good deal of 
hiccough. 

On admission a physical examination was made by Dr. Bayne-Jones, who 
noted the following features: The patient was breathing comfortably, but 
was hiccoughing frequently. Although he was somewhat confused and not 
completely oriented, he gave a fairly correct account of himself. The scalp 
showed superficial scars, with one pigmented scar over an exostosis in the 
right frontal region. There was slight weakness of the right facial muscles 
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with definite ptosis of the right eyelid. The eye-grounds were normal. The 
respirations, 20 to the minute and characterized hy an expiratory grunt, 
were suggestiyely Cheyne-Stokes in type. There was slight impairment at 
the right apex with some suppression of hreath sounds, and in the left axilla 
there were a few squeaky rftles at times. 

The apex of the heart was seen and felt in the fifth left interspace, 
11 cm. from the mid4ine. It was a strong, heaving impulse, heating 16 
times per minute. Between each of these " ventricular " ccmtractions 
occurred numerous wavy impulses over a broad area in the fourth and fifth 
left interspaces. The veins of the neck were distended, and in the right 
jugular bulb about 85 pulsations were visible per minute. The relative 
cardiac dullness extended 12.5 cm. to the left and 4.5 cm. to the right of the 
mid-line, and was continuous with a slight retromanubrial dullness. At the 
apex two sets of sounds were audible; the one loud, and probably of ven- 
tricular origin, with a fair degree of regularity, that was broken by pre- 
mature beats suggestively extrasystolic in character; the other softer, 
always regular, and probably caused by auricular contractions. There was 
a systolic blow that was well transmitted. The pulses were synchronous 
with the strong cardiac sounds--18 to 20 per minute, and regular, except 
for an occasional paired beat The pulse was somewhat collapsing in 
quality, and the blood pressure was 130 mm. The vessel walls were slightly 
thickened. 

To percussion, the liver extended 1 cm. below the costal margin, but the 
edge was not palpable. The abdominal examination disclosed nothing fur- 
ther of interest. There were several punched out scars on the penis. 
Bxcept for some thickening and bowing of the tibi® the extremities were 
not remarkable. The reflexes were normal. 

The red blood count was 4,800,000. The white cells were 13,000, and the 
hemoglobin estimate was 92 per /sent (Sahli). The differential count was 
unimportant The 24-hour specimen of urine, over 750 cc, had a specific 
gravity of 1.020, and showed a large amount of albumin and a few coarsely 
granular casts. The phenolphthalein excretion was 41 per cent in 2 hours. 

Wassermann tests done by Drs. Miller and Evans on the blood and 
cerebrospinal fiuid obtained on admission, and subsequently at post-mortem, 
were all later reported negative. The post-mortem spinal fiuid, however, 
showed 25 mononuclear cells to the cubic millimeter and gave a faintly 
positive Ross-Jones test An intra-vitam blood culture was negative. 

Roentgenographlc examination by Dr. Baetjer showed a thick, deep sella 
and some infiltration and clouding of the lower right chest 

During the patient's stay in the hospital the respirations varied from 18 
to 26 per minute. The temperature rose from 98 degrees on admission to 
102 degrees F. at the time of death. The pulse rate was fairly steady, at 
20 to the minute. 

After the entrance examination the patient was put to bed and given a 
restricted cardiac diet with limited fiuid intake. Eighty grains of potassium 
iodide and 45 grains of diuretin were ordered daily. 
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On the day after admi88lon» Dr. Clough noted that the patient's pulse rate 
was 16 to the minute and regular. There were numerous small waves in 
the veins of the neck, and also large waves that were synchronous with the 
strong apex heats. The apex of the heart was visible in the fifth left inter- 
space beating 16 times per minute. There were numerous small waves over 
the precordium. A systolic thrill was palpable. The relative cardiac dul- 
ness extended about 4 cm. to the right of the median sternal line in the 
fourth interspace, and 2 cm. to the left of the nipple line. 

About the middle of the following night. Dr. Bayne-Jones saw the patient 
who had just passed through a " convulsion," which the nurse described as 
" a stiffening out of his whole body." There had been no clonic contraction, 
and no evid^ice of unilateral spasm. The patient was breathing heavily 
with the Cheyne-Stokes type — ^vigorous dyspncea alternating with 10 seconds 
of apncea. The pulse was more rapid, rising to 40 per minute in djrspnoea, 
but slowing markedly in apnoea. The auricular sounds were about 114 per 
minute. Atropin 1/160 gr. was given hypodermatically with no appreciable 
effect. 

At 8 o'clock the next morning Dr. Bayne-Jones again saw the patient, who 
had almost ceased breathing. Camphorated oil had been administered with 
some improvement The Cheyne-Stokes respiration was marked. The 
pulse was irregular with rapid and slow rates alternating. Some pulsus 
blgeminus and trigeminus was noted. 

After two hours the patient was seen by Dr. Janeway on ward rounds. 
At this time the apex beats were very irregular, sometimes they were 60 per 
minute, whereas there were other periods during which there were 5 sec- 
onds between succeeding beats. The relative cardiac dullness was as noted 
previously. The strong beats were seen at the apex with wavy impulses 
between. The veins of the neck were engorged, and pulsated sjmchronously 
both with the strong and weak beats. Tfte ventricular sounds at the apex 
were booming, with rapid, ftUnter, auricular sounds in betwe^L A systolic 
murmur was audible. The lungs were not remarkable on a brief exami- 
nation. The liver edge was palpable just below the costal margin. There 
was a positive Oppenheim on the right 

The patient was sent to the heart station on the afternoon of his 
admission. In addition to the other findings, it was noted that, on close 
examination, there was a very rapid pulsation of the somewhat dis- 
tended neck veins, suggesting, from the freqnwicy and apparent regu- 
lariiy, an auricular flutter. This opinion was strengthened by the obser- 
vation of the apex, where similar, very rapid oscillations were observed 
of over 200 per minute. These regular, well-marked waves in the neck 
were interspaced at fairly equal intervals, by strong, flopping waves that 
imdoubtedly were of ventricular origin, and which were practically 
synchronous with the radial beats^ Auscultation was very interesting, 
in that there was clearly heard, at the apex and over the lower pre- 
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cordium^ a sound corresponding to each of the little venous undulations. 
These sounds were so spaced that they suggested split sounds occurring 
regularly 120 times per minute. Their intensity was noteworthy. This 
observation was later confirmed by numerous observers. The very loud 
ventricular sounds reverberated markedly, and between the normally 
paired ventricular soimds was a coarse systolic murmur. It is interest- 
ing that later, as the heart weakened, the auricular soimds decreased 
markedly, and the day before death the split character was lost and 
only one soft sound was audible with every two venous waves. 

On admission numerous simxdtaneous tracings were taken with very 
clear resxdts. Unfortunately the tracings were complicated by the 
convulsive movements of hiccoughing, which during observation came 
with every ventricular contraction. However, because of the imusual 
sharpness of the double auricular sounds the electrophonograms are 
shown in Figures 1 and 2. The general increase of intensity of A, from 
one ventricular systole to another is noted. The period of ventricidar 
systole is the normal time, .31 second, while the time interval between 
the two phases of split auricular sound equals .13 second. 

On the following day further simultaneous apex, venous, and electro- 
cardiographic tracings in the three derivations were taken. They show 
a complete heart block with a ventricular rate of 15, and an auricxQar 
rate of 130 per minute. The P waves are at times diphasic with a slight 
tendency to be split. They are always upright. Pj ^ very high. There 
is no increase of the height of the P waves between tiie ventricular 
systoles, as is so often seen in cases of heart block. The R waves are not 
remarkable. There are no Q waves, but well marked 8 waves are seen 
in all derivations. The T waves progressively decrease from D^ to in- 
version in />,. The ventricidar complexes are constant in the particular 
derivation. 

Following each P wave, there appear double waves on the apex and 
venous tracings. The first of these, evidently due to auricular contrac- 
tion, follows the P wave at the expected interval and is, necessarily, on 
both the apex and venous tracings, the result of auricular contraction. 
These (here designated Ay) waves are about synchronous on the apex 
and venous tracing, just as the A wave of the normal venous tracing 
appears at practically the same time as does the auricular wave on ihe 
apex tracing. The waves marked 4„ however, are not so easily ex- 
plained, but possibly originate as tension phenomena resulting from 
the closure of the atrioventricular valves following the auricular systoles 
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which had opened these valves. It is true, of course, that the C wave 
of the normal venous pulse is partly a delayed transmitted blood wave 
through the auricular blood from the tension of the tricuspid valve 
leaflets at the beginning of the ventric\ilar systole, while the part played 
by the transmitted carotid pulsation is delayed also by the presphygmic 
period. In other words, the normal C wave occurs about one-tenth of a 
second after the onset of the anacrotic limb of the apex cardiogram. 
In the same way, in this individual, the A^ wave in the venous tracing 
occurs about one-tenth of a second after the A, wave on the apex trac- 
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Fio. 3. — ^A semi-diagrammatic representation of synchronouB points on 
the apex, venous, electrocardiographic and electrophonographic tracings. 

At on the venous comes about 1/10 second later than the At on the apex 
tracing. In the same way the C wave on the venous comes ahout 1/10 sec- 
ond after the onset of the ventricular systole as marked on the apex cardio- 
gram. 

There is no actual excitation curve on the electrocardiogram, to suggest 
cause for the At waves in cardiac muscle activity. 

Possibly the atrio-ventricular valve closure after auricular systole 
accounts for the A, waves and venous tracings. 

ing. Regarding the cause as intimately connected with tension phe- 
nomena in the atrioventricular valves, one could rather easily explain 
the delayed transmission time in the venous pulse. 

The sound tracing shows a normal period of ventricular systole .31 
second, with an intense systolic murmur. The split auricular sounds 
are evident, the first of which occurs soon after the onset of auricular 
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contraction, and the second beginning .13 second later, that is near 
the onset of the second auricular wave of the apex. 

In Figure 3 appears a semi-diagrammatic sketch of the different 
tracings to show their relationship. The original tracings appear else- 
where. 

The following is an abstract of the Autopsy Protocol (Autopsy No. 
4358) : 

The body is that of a medium-sized, muscular, colored male, 167 cm. 
in length. The left pupil is larger than the right. There is a small 
puckered scar behind the corona of the glans penis. There are several 
non-pigmented irregular scars, about 4 cm. in diameter, on the right 
shin. Numerous smaller pigmented scars are scattered over both shins. 
Both lower legs are arched forward (saber shins), but the surfaces of 
the bones are smooth. 

Peritonei Cavity. — ^The convex surface of the left lobe of the liver is 
adherent to the diaphragm; otherwise the peritoneal cavity presents 
nothing abnormal. 

Thoracic Cavity. — ^The right pleural cavity is obliterated by fibrous 
adhesions ; otherwise the serous membranes in the thoracic cavity pre- 
sent no abnormalities. 

Heart. — ^Weight, 420 gm. It is slightly but uniformly enlarged. The 
epicardial surface is smooth and glistening. The epicardial vessels and 
fat seem normal. The right auricle is slightly dilated; otherwise it 
presents no gross abnormalities. The tricuspid ring measures 11 cm. 
in circumference. A nodular, opaque, yellow mass occupies the upper 
portion of the interventricular septum. This mass has a smooth endo- 
thelial surface ; it projects into the right ventricle, involves tiie posterior 
cusp of the tricuspid valve, and measures 4.5 x 3 x 1.5 cm. The remain- 
ing cusps of the tricuspid valve are not involved ; the chordae tendine® 
present nothing abnormal ; the cavity of the right ventricle is somewhat 
dilated ; the wall is slightly thickened (4 to 6 mm.) , and the mural endo- 
cardium is smooth throughout. The pulmonary orifice, valves and 
artery are apparently normal. The left auricle presents no gross abnor- 
malities; the mitral ring measures 10 cm. in circumference; the mitral 
valve and chordae tendineae are delicate. The left ventricle is not 
dilated and its walls measure 12 cm. in thickness. The mass in the 
right ventricle extends through the septum and has a similar appearance 
on the left side of the heart in the position of the membranous septum. 
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It projects 0.8 cm. from the endocardial surface, impinges upon the 
aortic orifice and measures 4x2 cm. The endocardium of the left ven- 
tricle and the aortic valves are delicate ; a dry friable clot partly fills 
the sinus of Valsalva of the posterior aortic valve. The base of the aorta 
is remarkably free from pathological changes. 

The pancreas is small, firm and cuts with resistance. On section, 
there seems to be an increase in the interlobular connective tissue. 

The liver measures 26 x 19 x 7 cm. and weighs 1500 gm. The cap- 
sule, especially over the superior surface of the left lobe where it was 
adherent to the diaphragm, is thickened and milky in appearance. The 
dome of the left lobe shows several depressed puckered scars ; two of the 
larger ones, 4 and 8 cm. long, respectively, cross each other at right 
angles. On section, these scars may be seen to extend into the hepatic 
parenchyma for a considerable distance, distorting the architecture of 
the liver in their vicinity. They may contain smaU yellowish-white 
opaque nodules several millimeters in diameter, and similar nodules 
occur elsewhere in the liver parenchyma, where they are also surrounded 
by a variable thickness of translucent bluish-gray scar tissue. Elsewhere 
the liver shows the typical changes of chronic passive congestion. 

The testes are smaller and firmer than normal, and on section are pro- 
fusely streaked with dense, bluish-white translucent scars. 

The remaining abdominal viscera present a mild grade of chronic 
passive congestion. 

Microscopically. — ^Between the lobules of the pancreas there is a 
fibrosis rich in mononuclear cells. 

The opaque nodules in the liver show a central area of coagulative 
necrosis surrounded by an epithelioid small, round cell and an occa- 
sional giant celL These in their turn are surrounded by a hyaline 
fibrous connective-tissue wall. The testes ahow an atrophic and deg^i- 
erative change of the seminiferous tubules and a marked increase in 
intertubular connective tissue. 

Section of the scar of the penis shows an absence of the skin papilbe 
overlying a dense fibrous mass. 

In view of the change in the liver, testes and bones of tiie lower 
extremities it seems justifiable to regard the mass involving the septum 
of the heart as a tertiary syphilitic, gummatous lesion, even thou^ tiie 
Wassermann test was negative. It is well known that gunmiata may 
localize in just this portion of the heart, altiiough they are rare. 
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Conclusion. 

The case then is clearly one of heart block resulting from gumma of 
the septum. Clinically, it is of interest to note the negative Wasser- 
mann, and the double waves in the apex and venous tracings, which 



Gumma of the Interventricular Septum of the Heart Involving the Bundle 

of His. 

were associated with double sounds in the electrophonogram, but with 
only one wave in the electrocardiogram. The double auricular sounds 
were clearly audible, the first being associated with auricular con- 
traction and the second being, possibly, a tension phenomenon develop- 
in^r at the atrioventricular orifices. 
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ANALYSIS OF AUTOPSY RECOKDS. 

It has become increasingly evident that the autopsy records were 
reaching a stage at which they would have to be carefully analyzed to 
be of the greatest use. The cooperation of the Prudential Life Insur- 
ance Company through its statistician, Mr. Frederick L. Hoffman, was 
obtained for the analysis of these records. 

In the fall of 1914 a conference between Mr. Hoffman and a com- 
mittee from the hospital agreed on the following scheme of approaching 
the problem. 

The 5000 autopsy records are to be condensed to a single volume, 
each autopsy to be recorded on a single line as represented in the 
attached chart. No. I. To facilitate this a system of abbreviations and 
a code for the localization of lesions were adopted and furnished to 
several members of the medical staff of the Prudential Life Insurance 
Company, who have been actively engaged in filling in the Anatomical 
Diagnoses on the adopted blank. 

Volume I is to include the records of 5000 autopsies and will be 
completed early in 1917. 

In order that this work could be carried out, duplicate volumes of 
the protocols were necessary. Twenty-five hundred autopsies had to be 
copied and many of the earlier ones were in manuscript form. 

At the same time it was planned to represent each autopsy on an 
individual card. (See Chart No. II.) 

Blocks 1 and 4 of this card are being filled in at the Statistical 
Department of the Prudential Life Insurance Company. Many cards 
belonging to Block 1 are incomplete, and means will later have to be 
devised for completing them. 

In order to fill in Blocks 2 and 3 it will be necessary to revise the 
arrangement of most of the clinical and anatomical diagnoses. Block 
5 will be filled in by a representative of the Prudential Life Insurance 
Company. 

We wish to take this opportunity of expressing our indebtedness and 
appreciation to Mr. Frederick L. Hoffman, the physicians of the Pru- 
dential Life Insurance Company, and the company itself for assistance 
in this investigation. 
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CHART II. 
THE JOHNS HOPKINS HOSPITAL. 

AUTOPSY BECOBD INVESTIGATION. 



CLASS. 



Free. 
Pay.. 



1. Autopiy No Hoepital No Senrice DiTidon. 

Name of Patient Date of Death.... 

Age Sex Race Occupation 



2. Clinical Diagrnoiii: Primary Cauae of Death. 
Contributory Caaae or Oauaea. 



8. Anatomical Diagnoiia: Primary.. 



Sabfidiary. 



4. Anatomical Meaaurementi: Heifht Cm. Weifht 

Heart: Weight Grm. Thickneiaof Left Ventricle Wall 

Lirer: " " Width Cm. Length Cm. Thickneae. 

Spleen: " " " " ** ....".... " *• 

Xi,ianey; ••••...« •.....•• ••••.... • 



.Kiloi. 
...Cm. 



6. Board of Health Record : Certified Cauae of Death 

Claaaified Cauae of Death 

Clinical Diagnoaia of Death Confirmed Not Confirmed. 



THE CITY HOSPITALS, BAY VIEW. 
Table Showing Percentage of Autopsies. 



Year. 
1908 
1909 
1910 
1911 
1912 



Number of Autopaiea. 
84 
75 
88 
92 
72 



191S. 

Number Percent. 

Service. of of 

Deatha. Autopaiea. 

Medical 227 39 

Surgical 56 44 

Phthisical 261 16 

Iiuane 88 3.4 
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1016. 



Number Percent. Number Per cent. 



of 
Deaths. 

273 

77 

239 

86 



of 
Autopsies. 

38 
43 
33 
20 



of 
Deaths. 

274 

69 

242 

67 



of 
Autopsies. 

45 
39 
52.8 



Total Number of Deaths. 

1918-1916. 

631 

675 

652 



Total Number of Autopsies. 

1918-1916. 

153 

228 

297 



Percent, of Autopsies. 

1018.1916. 

25.8 

33.8 

45.4 
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"THE MONDAY CONFERENCES/' 

During the past few years it has become increasingly difiScult for the 
large number of physicians connected with the hospital to attend the 
post-mortem examinations^ and almost impossible for them to acquaint 
themselves with the more detailed gross and microscopic studies made 
subsequently. 

As a consequence the association between the clinical and patho- 
logical departments of the University — one of the ideals of the insti- 
tution — ^was not so intimate as it had been. For this reason the 
Monday afternoon faculty conferences were inaugurated in the fall of 
1 914. Each Monday morning various members of the different depart- 
ments receive a notice of the cases to be presented at the conference. 

These cases are those which have come to autopsy and upon which 
the anatomical studies have been completed in the immediate past, 
usually the past week. 

The clinical history is briefly presented by a member of the clinical 
staff. This is followed by a similar presentation and gross and micro- 
scopic demonstration of the anatomical findings. The case is then open 
to discussion to all present. 

Usually from 4 to 5 cases are discussed at each conference. With 
few exceptions Dr. Welch has presided, and the success with which the 
conferences have been attended has been due in a large measure to his 
interesting discussions. 

CLINICAL REPRESENTATIVES ON THE STAFF OP THE 
DEPARTMENT OF PATHOLOGY. 

A further endeavor was made to bring the Department of Pathology 
into a more intimate relation with the clinical departments, by having 
a junior member of each clinical department serve for a year on the 
staff of the Department of Pathology. 

The reason for this is that the more detailed autopsy studies are fre- 
quently greatly aided by an intimate knowledge of the clinical aspects 
of the case. 

During the past year only two clinical departments, surgery and 
pediatrics, have been able to cooperate in this way. 

DONATION. 
The department has been very fortunate in the receipt of a sum 
of money which will greatly facilitate the more detailed bacteriological 
and immunological studies associated with the post-mortem and 
research work. 
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THE b6LE op the AUTOPSY IN THE MEDICINE 
OF TO-DAY.* t 

By M. C. WINTERNITZ. 

(From the Department of Pathology of The Johns Hopkin$ University, 

Baltimore t Md,) 

The most conyincing evidence of the importance of post-mortem 
examinations may be found in the history of medicine. As a result 
of the work of many centuries pathological anatomy, the basis of 
physical diagnosis and scientific therapy, became established through 
the systematic performance of autopsies. 

The overthrow of the empirical medicine of the Ancients came with 
the dissection and the study of the more intimate anatomical structures 
of the human body nearly 2000 years after the establishment of scien- 
tific medicine by Hippocrates (460-377[?]B. C). 

In the writings of Vesalius (1414-1465), followed by those of Fal- 
lopius (1623-1662), Eustachius (1620-1674), and many others, many 
observations on morbid anatomical structure may be found. Benevieni 
(1440-1524), the pioneer in pathological anatomy, as well as his suc- 
cessor, Th6ophile Bonet (1620-1689), confined his attention mainly 
to a collection and description of monstrosities and curiosities. 

Morgagni (1682-1771) was really the first to grasp the significance 
of pathological anatomy. He correlated the changes in the body found 
after death with the symptoms of disease, and incorporated his studies 
in a volume entitled, ^^ De Sedibus et causis morborum per anatomen 
indagatis.'' His work was objective, based on personal observations at 
the post-mortem table, and marks one of the great epochs in medicine. 
Matthew Baillie (1761-1823) followed Morgagni closely with book 
and atlas. 

* Read before the eighteenth annual cmif erence of the American Hospital 
Aisociations, PhUadelphia, Sept 26-29, 1916. 

t Published under the title " Autopsieft— Their Value, Methods of Obtain- 
ing and Protection of the Hoepital/' Modem Hoepital, 1917, January. 
9 
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Then came Bichat ( 1771-1802) . He emphasized tissues, not organs, 
as the seat of disease — histology without the microscope. His views 
were based on sound observation and had an important bearing on that 
most brilliant period of French medicine, the first 30 years of the 
nineteenth century, illuminated by the work of Corvisart (1766-182^1) 
and Laennec (1781-1826). Through him they saw in pathological 
anatomy the foundation of physical diagnosis. Their work bore fruit 
immediately in England, where Bright (1789-1858), Hodgkin (1798- 
1866), and Addison (1793-1860) correlated the clinical and anatomi- 
cal pictures of their cases as indicated in part by the diseases which bear 
their names. Likewise in Vienna the co-operation between Bokitansky 
(1804-1878), whose knowledge of pathological anatomy has probably 
never been equaled, and the clinician, Skoda (1805-1881), created a 
school of medicine which became famous throughout the world as 
affording the best opportunity to study the relation of symptoms to the 
organic changes in the body. This was a period of exaggeration for 
pathological anatomy. So much emphasis was laid on the anatomical 
changes in the organs and tissues and these seemed so irreparable, that 
therapeutic nihilism was a natural consequence. This, in its turn, 
led to the rational therapy of to-day. 

Bokitansky had laid the cornerstone of modem general pathology, 
and particularly of pathological histology. It remained for Virchow 
(1821-1902) to establish cellular pathology. This is his great monu- 
ment. His influence on the progress of medicine cannot be over- 
emphasized. He eliminated speculation, and recognized only actual 
deductions based on observation. He emphasized much more strongly 
than any of his predecessors the importance of objective knowledge in 
pathological conceptions. He taught that every physiological process 
possesses an anatomical corollary, and that disease consequently finds 
expression in anatomically visible change. Gohnheim (1839-1884), 
Virchow's pupil, concentrated on the field established by John Hunter 
(1728-1793), namely, experimental pathology, which won such an 
important position in the progress of medicine. 

During the present generation, medicine has advanced very rapidly. 
Through bacteriology the direct cause and prevention of many diseases 
have been determined. The application of new methods, largely derived 
from progress in other purer sciences, physics and chemistry espe- 
cially, have also played an important r61e. These have led so rapidly to 
the creation of new phases of medicine that for the moment, perhaps, 
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it is necessary to stop and consider the rdle of the autopsy in the medi- 
cine of to-day. 

The autopsy furnishes the only means of teaching the student patho- 
logical anatomy; it controls clinical diagnosis and therapy; it is the 
only reliable evidence on which vital statistics may be based; it is a 
constant source of problems necessary for the advancement of medicine. 
Naturally, therefore, the greatest benefit is derived from the autopsy 
in an institution where teaching is combined with clinical and research 
facilities. The realization of this has made pathology the most impor- 
tant link between the hospital and the medical school. The more 
intimate this affiliation, the closer the proximity of the two institutions, 
the greater are the mutual advantages. 

The autopsies from the hospital are essential for the teaching of the 
medical student. Only under exceptional circumstances is it possible 
for the hospital to have the laboratory facilities and the large and effi- 
cient staff which affiliation with a teaching institution offers. The 
pathologists of such an institution not only constantly augment their 
knowledge by the correlation of tiie clinieal and anatomical findings 
with physicians of the hospital, but the oft-repeated review necessitated 
in the teaching of the elementary aspects of the subject frequently 
opens new avenues of approach to unsolved problems. 

A department of pathology as outlined above not only furnishes 
teaching facilities, but is a means of deriving great benefit from the 
autopsy and its subsequent study. Briefly, it must have facilities for 
the post-mortem examination, equipment for the histological exami- 
nation of the tissues, including the most specialized types of apparatus 
required for neurological and other more or less specific branches of 
clinical pathology; laboratories of experimental pathology, including 
bacteriology, physiology, chemistry, and, finally, a recording depart- 
ment where the completed files of the autopsies may be analyzed to the 
best advantage. This is only the shell; a more important need is men 
specially trained in these various branches to direct the work. The 
subject has outgrown the scope of the individual. 

The student comes to such a pathological laboratory after he has 
dissected one-half of the human body. He has a practical knowledge 
of the skeletal system and, most valuable of all, if he has acquired it, 
independence of thought and work. His knowledge of gross anatomy is 
based on the limited dissection of the skeleton and the much more 
limited opportunity to study the viscera, and then only in embalmed 
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bodies. His knowledge of histology is based on a few typical tissues, 
usually animal tissues and, as a rule, he has little conception of gross 
and microscopic anatomical correlation. 

The autopsy may be made to appeal strongly to the student. It 
deals with diseases in man, the subject he has elected as his life work^ 
and brings him into much more intimate contact with clinical medicine. 
After he has seen a large number of autopsies, he is able to recognize 
the physiological range of variation in organs and tissues and then the 
more gross and characteristic anatomical manifestations of disease. 
This Imowledge is not easily acquired, for he must first learn to look 
at things as they are, to see what they really show, and not as he has 
read they should be. In short, he must acquire the power to see things 
objectively. He can often make a diagnosis from a description similar 
to one which he remembers from a book, although the object or con- 
dition itself, when shown to him, will remain imrecognized. Famil- 
iarity with gross pathology can be acquired only at the autopsy table. 
Here, too, the student has the opportunity of correlating the gross and 
microscopic anatomical pictures. He sees and makes sections of the 
gross tissues which he has studied. His opportunities do not stop here. 
He sees the lesions produced by bacteria in man which he has heretofore 
been able to study only in the test-tube or, at most, by animal inocu- 
lation. He has the opportunity of studying these bacteria in smears, 
by cultivation and by inoculation into animals. He studies the 
resultant lesions and finally recidtivates the bacteria in many cases. In 
this way only can he be made to realize the importance of Koch^s postu- 
lates in the etiology of disease. In this way, too, he learns the differ- 
ence between the organism he has studied in his course in bacteriology, 
often attenuated by long artificial cultivation, and the virulent organ- 
ism freshly removed from its parasitic existence. Likewise, he has the 
opportunity of doing immunological tests upon the tissues of the host 
and the parasite. But the student's opportunities do not end even then. 
He hears the results of chemical, physiological and other studies carried 
out in the various laboratories of experimental pathology, and not infre- 
quently the opportunity to share a small part of a problem in such a 
laboratory stimulates him to psychic independence. 

The advanced student and the clinician return to the post-mortem 
room with questions. They know the clinical history and they are 
interested in the many problems the case presents. They acquire in 
this way an anatomical picture which they correlate with their clinical 
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findings. The more autopsies the clinician has seen, the keener is his 
interest. He views future cases from the composite mental picture 
he has formed at the autopsy table, and modifies his diagnosis, prog- 
nosis and treatment accordingly with scientific accuracy. 

The complete study of an autopsy has become so complicated that the 
routine procedure alone requires days and even weeks. The advanced 
student and the clinician should know the result of these investigations, 
and for this purpose the modern clinical pathological conference serves 
admirably. 

There are two iypes of conference. The older, used essentially to 
compare briefiy the anatomical and clinical aspects of cases for medical 
students, a teaching conference, where, as a rule, it is impossible to 
enter into detail on the more obscure aspects of the case. The modem 
autopsy demands a more advanced type of conference, where, after a 
brief presentation of the clinical adpects, together with charts. X-ray 
plates, etc., the anatomical demonstration of the organs is supple- 
mented by gross and microscopic pictures of the important lesions of 
the case and by reports from the bacteriologist, chemist and others 
engaged in the unraveling of the various problems that have presented 
themselves. This is all done very briefly, and is followed by a dis- 
cussion in which many of the faculty, which should be well represented, 
join. Such conferences give a new impulse to research, and many 
interesting problems have evolved through them from the autopsy. 

The proper recording and filing of the autopsy protocols make them 
one of the hospital's most valuable assets. The protocol should be an 
objective description of the autopsy, made during its procedure. It 
should b€ supplemented by a synopsis of the clinical history and by the 
objective description of microscopic sections, primarily of tissues, the 
seat of gross lesions, but also from all other important organs of the 
body. The results of special investigation in the various units of the 
laboratory of experimental pathology should likewise be recorded with 
the case. Photographic illustrations of gross and microscopic lesions 
add greatly to the clearness of the description. The anatomical diag- 
nosis should not be written until a complete study of the case has been 
made. A provisional anatomical diagnosis may be made at the time 
of autopsy for the convenience of the members of the staff of pathology 
as well as for the clinician, but it is evident that, since the ideal ana- 
tomical diagnosis is the sequential statement, not only of the anatomical 
changes, but also of the results of laboratory study in relation to the 
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immediate and ultimate cause of death (as well as a tabulation of sub- 
sidiary findings ); it cannot be completed until all the evidence is at 
hand. 

Becords completed in this way can be made of the greatest value. 
They not only furnish an ever-increasing basis for research in specific 
diseases, but on their analysis the inaccurate vital statistics of to-day 
will ultimately be corrected. 

In the evolution of man, new medical problems will constantly pre- 
sent themselves, and in their study the role played by the autopsy in 
the successful solution of similar problems of the past will repeat itself. 
The most accurate knowledge we have of the scourge of the present day, 
infantile paralysis, is its pathological anatomy. Without the autopsy 
the diagnosis even of this disease often cannot be attained. From the 
anatomical picture the clinical manifestations of the disease are readily 
understood and its successful transmission to animals has been verified. 
Its histology, comparable to that of other infectious diseases, will aid 
in establishing its etiology and ultimately may help in unraveling its 
portal of entry and dissemination in the body. 

This brief review has been made in an attempt to emphasize the 
importance of the autopsy for the progress of medicine. The knowl- 
edge gained through the post-mortem examinations of the past is per- 
manent. The problems still to be solved are very numerous, and in these 
not only must the autopsy play its role, but it must be performed i?i 
ever-increasing nxmibers for its value in fundamental medical educa- 
tion. The student must learn pathological anatomy. The physicians 
who have been taught to think anatomically must be given opportunity 
to enlarge their experience. The community must have accurate vital 
statistics. It is not sufficient that post-mortems are carried on in large 
numbers in Europe — ^they must be performed in every country, in 
every commimity, if the health of the public is to be safeguarded. 

There is, unfortunately, a great discrepancy between the number and 
percentage of autopsies in the larger European hospitals and those of 
the United States. This has been emphasized recently in the report 
of the Committee of the New York Academy of Medicine.* To facili- 
tate comparison, the figures in their tables have been calculated for a 
period of three years and are presented in Table I. 

* Report on Post-mortem Rcaminations in the United States hj the Public 
Health* Hospital, and Budget Committee of the New York Academy of 
Medicine. Jour. Am. Med. Assn., 1913, LX, No. 23, p. 1784. 



Digitized by 



Google 



The Role of the Autopsy in the Medicine of To-^ay. 109 
TABLE I. 



Number of aatoptitt. 


Canmda. 


•England. 


Oermany. 


Aufltria. • 


United Statea. 


(A) TotaL 


(B) PercanUffe. 


A. 


B. 


A. 


B. 


A. 


B. 


A. 


B. 


A. B. 


1-25 


1-10 
10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 
80-90 
90-100 




















5 


25-50 




















5 


50-100 


*i' 


1 














2 
5 
5 
5 


4 


100-250 














1 


250-500 
















1 


500-1,000 


2 


.... 


1 
2 
2 


1 


2 










1,000-1,600 
1,500-2,000 








1 


2 
2 














2,000-3,000 


1 




"a 


3 
3 










3,000 




1 


1 


1 

















* The combined ttatittica of eight Auatrian hoepitala have been omitted. The numeral! in 
the rarioui columne A and B repreaent the number of inatitutioni in the countries indicated that 
hare a total number of autopiiei (A) and a percentage ratio of autopiiea to deatha (B) to cor- 
respond with the respectiTe figures on the left of the chart. 

This tiEtble shows not only how few autopsies are performed in a num- 
ber of representative hospitals of the United States compared with 
those of the other countries, but it suggests that there may be an almost 
proportionate variation between number and percentage. Further 
analysis of the individual hospitals in this country shows that this rela- 
tionship does not hold. 

TABLE II. 



Hospital. 


Autopsies. 


Total number. 


Percentage. 


1 


61 
76 
104 
117 
120 
158 
167 
281 
284 
313 
346 
408 
670 
779 
813 
927 
998 


39.6 


2 


10. 


3 


16.8 


4 


13.1 


6 


17.2 


6 


7.3 


7 


26.9 


8 


24.5 


9 


29.6 


10 


23. 


11 


62.6 


12 


9.2 


13 


45.1 


14 


7 5 


16 


13 7 


16 


14.3 


17 


10. 







Recently published data from several hospitals in the United States 
show a marked improvement in the ratio of autopsies to deaths. The 
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director of the Pathologic Institute of the Cincinnati General Hospital, 
Dr. Paul 6. WooUey, reports that between June 1 and December 31, 

1915, 293 necropsies were held from a total of 465 cases, a percentage 
of 63.'^ Since tiie Bobert Breck Brigham Hospital, Boston, opened on 
April 1, 1914, complete autopsies have been carried out on 70 per cent 
of all those dying (35 autopsies in 50 deaths),t and at the Mayo clinic 
during the triennial period, 1910-12, for 626 deaths, 512 necropsies 
were made, or 81.8 per cent; in 1913 there were 269 deaths and 227 
necropsies, or 84.4 per cent; in 1914, 293 deaths and 258 necropsies, 
or 88 per cent, while to date (March 17, 1915) there have been 73 
deaths with 73 necropsies, or 100 per centj 

These percentages, unequaled by any other institution in the United 
States, and by few abroad, as well as by our own experience at The 
Johns Hopkins Hospital and the City Hospitals at Bay View, Balti- 
more, have led to the belief that an inquiry into the method of obtain- 
ing autopsies, the use made of the autopsy material, etc., from a group 
of large institutions, might be of interest. A circular letter was there- 
fore sent to the superintendents or the pathologists of a number of 
hospitals in the United States. Twenty responses were received.§ The 
results of this investigation are, in part, tabulated in Tables III and IV. 

In 19 of the 21 hospitals included in the investigation, there 
has been no notable change in either the total number or percentage 
of autopsies during the past six years. 

If, however, the ratio of autopsies to the number of deaths for any 
year — say, 1915 — ^be compared with similar data (Column B, Table I) 
from the report of the Committee of the New York Academy of 
Medicine, the result is very surprising, especially if the 21 hospitals 
included in this investigation are supplemented by the Robert Breck 
Brigham Hospital, Boston, The Johns Hopkins Hospital, and City 
Hospitals, Bay View, Baltimore, for the same year. 

The above comparison is encouraging, the more so, perhaps, since 
11 of the hospitals included in Column B of Table IV (present investi- 
gation) are also included in Column A (Report of the Committee of 

* More Good Autopsy Figures; The Modem Hospital, 1916, VI, p. 376. 
t Recent Necropsy Records in the United States; Jour. Am. Med. Assn., 

1916, LXVI, pp. 1706-1707. 

t Wilson, L. B., The Necropsy as a Public Service; Jour. Am. Med. Assn., 
1916, LXIV, Na 19, p. 1660. 

f I wish to take this opportunity of thanking the superintendents and 
pathologists of these institutions for their kind co<>peration. 
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TABLE III. 









Percental 


Requests for autopsf . 




HofplUL 


Number 01 
deaths. 


ol 
autopsies. 






Sifnature required. 


Percent. 


By whom. 


Mayo Clinic . . . 


1010, 


198 


81. 


100 


Pathologist.. . 


Person who obtains 




1911, 


200 


86. 






permission. 




1912, 


227 


86. 










1913, 


269 


84. 










1914, 


293 


88. 










1916, 


338 


95. 








PeniiBylTaiiia. . 


1910, 
1911, 
1912, 
1913 
1914, 
1915, 


349 
328 
303 
339 
379 
286 


33.8 
27.3 
27.5 
36.4 
35.5 
40. 


90+ 


Physician .... 


Verbal consent. 


PreBbyterian.. . 


1910, 


433 


28.9 


100 


Physician 


Relatives, hospital 




1911 


398 


20.4 






superintendent, 
obUiner. 




1912 


323 


25.1 








1913 


286 


29.3 










1914 


306 


35.6 










1915 


278 


40. 








Woroeftter City. 


1910 
1911 
1912, 
1913, 
1914, 
1915 


407 
381 
423 
473 
473 
538 


9.8 
4.9 
9.2 
7.8 
7.4 
4.4 


50 


Physician 


Relatives. 


Montefiore 


1910 


105 




50 


Hospital 


Witnessed by two 




1911 


r 124 






superintend- 


relatives. 




1912 


106 


26.07 




ent. 






1913 


104 












1914 


, 197 












1915 


228 










Cincinnati 


1910, 


223 




100 


Physician, 


Relatives, hospital 


General. 


1911 
1912 


93 
95 






hospital 
superintend- 
ent, under- 


superintendent. 




1913 


» 70 










1914 


71 






taker. 






1915, 


369 










Michael Reese.. 


1910 
1911 
1912 
1913 
1914 
1915, 






? 


Physician.... 


Relatives, hospital 
superintendent, 
obtainer. 
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TABLE ni.— COITTINTJED. 



Hotpital. 



Lakeside. 



Grace. 



Boston City.... 



University 
Philadelphia 



BuiTaloGeneral. 



New York, 



New Haven. 



Number of 
death!. 



Peroentact 

of 
aotopdes. 



1910, ? 

1911, 232 

1912, 213 

1913, 148 

1914, 222 

1915, 243 

1910, 
1911, 
1912, 
1913, 
1914, 

1916, 31 



1910, 1,603 

1911, 1,833 

1912, 1,834 

1913, 1,891 

1914, 1,82" 

1915, 1,932 

1910, 303 

1911, 271 

1912, 249 

1913, 308 

1914, 290 

1915, 310 

1910, 280 

1011, 340 

1912, 344 

1913, 355 

1914, 360 

1915, 368 

1910, 690 

1911, 708 

1912, 663 

1913, 606 

1914, 592 

1915, 562 

1910, 254 

1911, 235 

1912, 268 

1913, 307 

1914, 332 

1915, 299 



40. 
40. 
43. 
38. 
44. 

? 
T 
? 
? 
? 
9.1 

10.2 
6.1 
6.5 
6.3 
6.8 
8.8 

14. 
12. 
18. 
14. 
17. 
20. 

13. 

11.4- 

12.+ 

12. 

13. 

11. 

22.89 
23.44 
28.05 
26.07 
22.12 
27.4 

15. 
8. 
9. 

».+ 
9. 
10. 



RequeaU for aatopvj. 



Per cent. Bj whom. 



100— 



25 



66 



50 



50 



100 



Physician . 



Physician . 



Physician . 



Physician. 



Physician . 



Phvsician. 



Physician. 



Signature required. 



Relatives, hospital 
superintendent, 
obtainer. 



Relatives, obtainer. 



Relatives, obtainer. 



Relatives, obtainer. 



Relatives, hospital 
superintendent. 



Relatives, hospital 
superintendent, 
obtainer. 



Relatives. 
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TABLE III. — Continued. 



HcMpital. 


Namber of 
duttht. 


PercenUffe 

of 
autopiies. 


Requeita for autopvj. 


Biffnature required. 


Per cent. 


By whom. 




Cleveland City. 


1910, 
1911, 
1912 
1913, 
1914 
1915 


T 
? 
644 
842 
755 
845 


t 

? 
18.3 
16.7 
21.9 
23.4 


50 


Physician 


Relatives, hospital 
superintendent, 
obtainer. 


Mt. Sinai 


1910, 
1911 
1912 
1913 
1014 
1915 


646 
, 719 
738 
705 
607 
750 


23. 
21. 
20. 
10. 
12. 
14. 


t 


Physician, 
hospital 
superintend- 
ent. 


Relatives, hospital 
superintendent, 
obtainer. 


University of 
California. 


1010 
1911 
1912 
1913 
1914, 
1915 


66 
51 
43 
80 
101 
112 


20. 

41. 

58. 

52.5 

59.4 

73.2 


50 


Physician 


Relatives, hospital 
superintendent. 


Massachusetts 
General. 


1910, 
1911 
1912 
1913 
1014 
1915 


450 
475 
470 
428 
426 
405 


56.+ 
45.— 
34.4- 
34.+ 
27.+ 
28.— 


100 


Physician 


Relatives, hospital 
superintendent, 
obtainer. 


Barnes 


1010 
1011 
1912 
1913 
1014 
1915 


? 

? 

? 

, ? 

, 2 

98 


T 

? 

? 

? 
50. 
50.6 


100 


Physician .... 


Relatives, hospital 
superintendent. 




St. Louis 
Children's. 


1910 
1011 
1912 
1913, 
1914 
1915 


? 
? 
? 
? 
8 
145 


? 

? 

T 

? 
50. 
75. 


100 


Physician 


Relatives, hospital 
superintendent. 


Bellevue 


1910 
1911 
1912, 
1913 
1914, 
1915, 


? 
T 

? 
? 
? 
? 


10. 


? 


Physician.... 


Relatives, hospital 
superintendent, 
obtainer. 
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the New York Academy of Medicine). While there are still a large 
number of hospitals with a small percentage of autopsies^ and many 
of these have a large number of deaths, nevertheless it is evident that 
there is an increasing group of institutions where the percentage of 
autopsies is high. Perhaps the selection of hospitals was fortuitous, 
and it is probable that further investigation of many more institutions 
would yield a still different result 

TABLE IV. 



OolumnB. 

iDTegt'n of 

Com. N. T. A. M. 


PtroenUge of 
autopdet. 


OolomnA. 
Prcttnt inTMt'n. 


5 


1-10 
10-20 
20-30 
80-40 
40-50 
50-60 
50-70 
70-80 
80-90 
90-100 


5 


5 


3 


4 


A 


1 


2 


1 


2+1=2* 




1 


0+2=2+tt 
2 






1 












* City Hotpitalt, Bay View, Baltimore, 45.4 per cent for 1916. 

i Johiu Hopkine Hoepital, 1916, «5 per cent. 

I Robert Breck Brigham Hoepital for 1914, calculated as tt per cent. 

Bequests for Autopsies. 

It is very surprising, indeed, that in such splendid hospitals as are 
represented in the present investigation an attempt is not made to 
obtain an autopsy for every death. This, unfortunately, is not the case 
for the majority. Only nine of the 20 hospitals request permission in 
100 per cent of the fatal cases, one in 90 per cent, and seven in from 
25 to 66 per cent. The remaining four gave no definite information 
on this point. 

It may be said with certainty that as yet the people of the United 
States have not reached that stage of evolution when they will request 
the institution to perform autopsies. Permission for the performance 
of the autopsy is requested by a number of different people. For con- 
venience, these may be grouped under physician and hospital superin- 
tendent. Physician includes intern (resident and attending), hospital 
superintendent, assistant, and lay clerks. The physician requests per- 
mission for the autopsy in twelve, the hospital superintendent in two, 
both physician and hospital superintendent in six, and in only one case 
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is the responsibility delegated to the pathologist. The physician suc- 
ceeds in from 5 to 44 per cent, the hospital superintendent in 28 to 75 
per cent, the physician and hospital superintendent in 4.4 to 23 
per cent, and the pathologist in 95 per cent. It is dangerous to draw 
deduction from such an analysis as the above. It is not ** who/' but 
"how.'' 

. Dr. Summersgill, superintendent of the University of California 
Hospital, where they have been so successful in increasing the per- 
centage of autopsies recently, was kind enough to comment on the 
question : 

I have observed many times that a clever lay clerk will secure more 
post-mortems than an ordinary medical man, as it is a natural tendency 
for so many unintelligent pec^le to believe that a physician is hard-hearted 
and desires a post-mortem mainly to satisfy his curiosity, and for that 
reason I believe that a good lay clerk can secure better results with this 
class of pe<9le than a medical man. 

In a recent publication,* Wilson emphasizes that one person only, 
the pathologist or his assistant, should be allowed to present the subject 
of necropsy to the relatives of the deceased. Although the senior 
fellow in pathology, who is delegated to this duty by Dr. Wilson, serves 
only six months, the fact that their necropsy service has not fallen 
below 80 per cent in the last six years is sufficient evidence that success 
in obtaining permission for a post-mortem examination is not entirely 
a matter of personality, but more largely one of " training in placing 
proper argument before the relatives." 

Answer to the question," What do you consider the most successful 
argument in obtaining autopsies ? " could hardly be made in detail in 
the brief space allotted to it in the circular letter. The information 
received, however, shows a certain uniformity of method. The stock 
arguments are (1) the importance of the autopsy in determining the 
true cause of death, (2) the benefit derived from this knowledge by 
the family, (3) by the hospital, (4) by the science of medicine and 
humanity, (5) the aid of the exact cause of death as revealed by the 
autopsy in the settlement of insurance claims. 

The answers to several other questions may be summarized here, for 
they have a definite bearing on the two arguments which are most 
widely used in obtaining permission for autopsy. 

* Wilson, L. B., The Necropsy as a Public Service; Jour. Am. Med. Assn., 
1916, LXIV, No. 19, p. 1660. 
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In no instance does the hospital make any effort to inform the family 
of the result of the post-mortem examination. Many of them are 
willing to do so when requested, and many of them feel that it should 
be done only when necessary. The benefit^ therefore, to the family can 
be only a remote one, and conditions frequently revealed by the autopsy, 
important for the immediate or future welfare of the family, remain 
imknown to them. 

One of the ways in which autopsies may " help others " is through 
correct vital statistics. The answers to the query, ** Are health cer- 
tificates completed in conformity with the anatomical findings ? '' are 
difficult to understand. Three institutions gave an indefinite answer, 
such as "more or less," "when possible,*' and "fifty-fifty**; one in 
" cancer cases, otherwise not ** ; four answered " No," and the other 
remaining 12 said "Yes." One of the latter, Bellevue Hospital, 
New York, has a special form for this purpose, which Dr. Norris was 
kind enough to inclose in his reply, with the following note: 

Owing to the difflcolty and delay caused in sending the death certificate 
book to the pathological laboratory to fill in the autopsy findings, and became 
death certificates are given to the undertakers in order that they may 
obtain removal permits more promptly, the Department of Health has 
issued a blank entitled, " Return of Autopsy Findings/' which I inclose. 
The anatomical diagnosis is filled out on this sheet 

RETURN OF AUTOPSY FINDINGS. 

Date 191.. 

To THE DCPABTICEIVT OF HEALTH: 

The results of the autopsy performed on the body of 



who died at 

(Name of institution) 

on are as follows: 

(Date) 



Signature 

Pathologist. 
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The New York State Board of Health may be congratulated on this 
method^ which is the only way in which vital statistics can be accu- 
rately compiled. It would be gratifying indeed if similar methods 
had already been adopted in all of the hospitals that answered the query 
in the affirmative. Unfortunately the information obtained in this 
investigation is not far-reaching enough to say this with certainty, 
and it is feared that it is not the case. 

In Maryland, for instance, the death certificates must be completed 
before the burial permit is granted, and as a consequence it is usually 
filled out with the clinical diagnosis. In obscure cases, where the 
clinical diagnosis is not definite, the completion of the death certificate 
is delayed until the gross anatomical findings are known. Even with 
this knowledge, however, the anatomical diagnosis is incomplete in a 
large number of cases until histological, bacteriological, and other 
special investigations have been made. Consequently this information, 
invaluable in the compilation of vital statistics, is, at best, buried in the 
records of the hospital. Without more definite knowledge, it may be 
assimied that the condition in the state of Maryland is not unique. 

With the aid of the Prudential Life Insurance Company an investi- 
gation of the autopsy records, which includes a comparison of the 
clinical and anatomical diagnosis with the records of the State Board 
of Health — ^namely, the certified and classified cause of death — ^has 
been undertaken in Baltimore at The Johns Hopkins and at the City 
Hospitals. The information derived from this study will undoubtedly 
assist in determining the accuracy of vital statistics. 

It is evident from the following note kindly included in the answer 
of Dr. A. B. Warner, of Cleveland, that the undertaker may be of aid 
in obtaining autopsies. He says : 

Recently I was at the Cincinnati Hospital, and I iind that there is in use 
there a cooperation between the hospital and a school of embalming, 
whereby the school of embalming embalms, free of charge, all bodies 
autopsied. It is understood between this scho(4 and the city undertakers 
that this will be done in all autopsied cases, and the undertakers do not 
therefore object to autopsies. The embalming is done for them and well 
done, and thej collect the usual fee. It is, therefore, for their interest to 
have autopsies, and the usual antagonism is entirely missing. This has 
been a great help to them in securing autopsies. 

At The Johns Hopkins Hospital all autopsied bodies have been 
embalmed for the past three years, and it has had a similarly good 
effect in conciliating the undertaker to the delay the post-mortem 



Digitized by 



Google 



118 M. C. Wintemitz. 

frequently imposes. Occasionally^ however, in the request for permis- 
sion to perform the autopsy, the fact that the body is embalmed by the 
hospital free of charge has been utilized with success as an argument. 
The possible conflict here should be avoided. 

From the answers received it is apparently not of moment, as far 
as the success in obtaining post-mortem examinations is concerned, 
whether the institution requires the signature of the nearest relative, 
the hospital superintendent, or the individual who obtains permission. 
The Mayo clinic, for instance, with the highest percentage of autopsies, 
requires only the signature of the person who obtains permission, 
whereas at the University of California, where the percentage of 
autopsies has increased from 20 to 73 in the past six years, the signa- 
ture of the nearest relative and that of the hospital superintendent are 
both required. Undoubtedly the latter method will insure a maximal 
protection to the institution. On the other hand, despite the result 
of the present investigation, it is generally assumed that the necessity 
of obtaining the signature of a relative, particularly from the more 
ignorant, may result in failure, when a verbal consent for a necropsy 
woidd be granted. Such a signature, if not absolutely necessary for the 
protection of the hospital, should be dispensed with. 

The experience of the past few years at the department of pathology 
of the City Hospitals, Bay View, Baltimore, may be of interest. At 
Bay View the municipal almshouse and the hospital are closely 
affiliated and are under the direction of the same superintendent. In 
1912 the work in pathology was reorganized. With a small expenditure 
of money the facilities for post-mortem examinations were made 
attractive, and a laboratory for histological, bacteriological, and chemi- 
cal studies was equipped. A resident was appointed, and under his 
direction the interns of the various clinical branches performed the 
autopsies during a part of their service. The autopsies were carefully 
studied and recorded. A weekly clinical pathological conference was 
inaugurated, and the material from the autopsy further utilized for the 
teaching of gross morbid anatomy to the students of two of the medical 
schools of the city. 

Before 1912 the post-mortems were performed at the City Hospitals 
by the resident pathologist of The Johns Hopkins Hospital or one of 
his assistants. He had to carry with him the autopsy kit, and he 
brought back such material as he was personally interested in, or that 
he felt was essential for his course in gross morbid anatomy. He rarely 
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knew anything of the clinical aspects of the case^ and the only record 
of the autopsy was a hasty anatomical diagnosis based on the gross 
findings alone. The result of the reorganization was very gratifying. 
The autopsies increased in total number from 75 to 297^ and in per- 
centage from 12.3 to 60. A friendly rivalry sprang up among the 
interns and the residents of the various clinical branches to obtain 
autopsies. Becent graduates were attracted by the possibilil^ of sup- 
plementing their clinical work with the experience in pathology^ and 
made the problem of securing competent interns less difficult. Several 
of these interns have subsequently increased the interest in pathology 
and greatly assisted in augmenting the number of autopsies in other 
institutions where they have since been located. 

At The Johns Hopkins Hospital' the number and percentage of 
autopsies have also increased during the past few years^ as is evident 
from the table on the preceding page. 

Conclusion. 

In order to obtain large numbers of autopsies, it is necessary to 
request th^n in every fatal case. It does not suffice that the individual 
who seeks permission for the post-mortem examination is interested in 
the outcome of his argument — everyone in the institution must be 
anxious for him to be successful. The only way this can be accom- 
plished is to give to each one a return for this interest and co-operation. 
The physician and the hospital superintendent must realize the benefit 
that accrues to him individually from the systematic performance of 
post-mortem examinations. As important as these individuals may be, 
the family and community are even more so. They should not only 
benefit through the educational value of the autopsy to student and 
physician, but the family should be told honestly, f uUy, and in simple 
language just what the findings are, the bearing these may have on 
the health of its other members, and, as far as this is possible, they 
shoidd be told how they can protect themselves. The community 
shoidd be given accurate vital statistics. 

When all concerned realize that they are constantly receiving a 
return for their interest and co-operation in increasing the number of 
autopsies, it will no longer be necessary to discuss methods of obtaining 
them and protection for the hospital — autopsies will be demanded. 
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EXPERIMENTAL NEPHROPATHY IN THE DOG. 

LESIONS PRODUCED BY INJECTION OF B. BR0NCHI8EPTICU8 
INTO THE RENAL ARTERY. 

By M. C. WINTERNITZ, M. D., and WILLIAM C. QUINBY, M. D. 

(From the Department of Pathology of The Johns Hopkins University and 
from the Brady Urological Institute of The Johns Hopkins Hospital.) 

Sponta.neous renal lesions are not uncommon in the dog. As a rule 
they are inconspicuous, but occasionally extensive anatomical changes 
occur similar, even in their detail, to those found in the human 
kidney in the progressive, non-suppurative types of nephritis. 

The etiology of the disease in the dog is probably more obscure than 
in man, for it has received very little attention. It is immediately 
evident, however, that the two conditions may result from similar 
causes. The great majority of chemical irritants already used for the 
production of experimental renal lesions can have no more place in 
the etiology of these spontaneous changes in the dogs than they have in 
the pathology of the human kidney. Promising experimental results 
have been obtained recently with bacteria as the exciting p.geiit — a fact 
that is in accord with the growing impression that microorganisms 
may be etiologically associated with the more important types of 
progressive nephropathies in man. 

Assuming this impression to be corr^jt, it is probable that the 
nephropathy of the dog is the result ol some acute infectious disease 
frequent in the species. Accordingh% in the experiments here recorded, 
the attempt to produce a progressive nephropathy in the dog similar to 
those in man differs in method from the usual procedures, in that 
a microorganism, B, hronchisepticus, known to produce spontaneous 
disease in the species, has been employed. 

For purposes of comparison the following spontaneous case is 
described : 

Spontaneous Case, — The animal, a full-grown mongrel, was in good 
general health. Under the influence of paraldehyde (1.7 gm. per kilo of 
body-weight) the region of the prostate had been exposed to 112 mg. of 
radium bromide for about five hours. The animal recovered from the 
anesthetic, but the next morning was found dead in the cage. 

Autopsy. — There are no lesions other than those of the kidneys. These 
organs are much contracted and removal of the adherent, thickened 
capsules shows a coarsely granular surface. On section, the cortex of the 
10 
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kidney is irregularly and markedly thinned; the striations are obscured. 
The pyramids are somewhat decreased in size and the entire kidney has a 
pale brownish color. 

Microscopic examination shows a good deal of patchy scarring through- 
out the cortex and upper portion of the pyramids. The scars are dense, 
infiltrated to a slight extent with mononuclear cells, and the renal paren- 
chyma in these scars shows the usual retrogressive changes. The tubules 
are greatly dilated, except in the scarred areas, where they are very small 
and show a low epithelium; they may contain casts or cellular detritus. 
The dilated tubules are lined with a high columnar epithelium, which 
shows considerable vacuolation. Their lumina contain granular detritus 
and an occasional cast. The glomeruli are enlarged; in some places they 
appear more numerous, in others less frequent than normal. None of them 
appears entirely normal. The glomerular capsules are delicate, except 
in the scarred areas. The glomerular spaces are large. They contain 
serum and occasionally mononuclear cells. The tufts are swollen, very 
cellular and show various changes including hyaline thrombi, partial or 
complete hyalinization, intercapillary adhesions and adhesions between 
the tuft and capsule. The blood-vessels, except in the scarred areas, do 
not seem to be markedly affected. The tubules, in the upper portion of 
the pyramids especially, are dilated and irregularly tortuous; their epithe- 
lium is, for the most part, cubical and in some places seems to be stratified. 
Occasional tubules are found, so irregular in shape that they must have 
been formed by a rupture of the separating wall between several adjoining 
tubules. (See Figs. 1 and 2.) 

Method. — The organism used for injection corresponded in its micro- 
scopical characteristics, staining qualities, cultural reactions and patho- 
genicity for lower animals to the B. bronchisepticus. 

About 5 c. c. of either a 36- to a 48-hour growth in litmus-milk or of an 
emulsion of a growth from an agar slant in sterile salt solution were 
injected directly into the renal artery. At first both, later only one kidney 
was injected. The remaining one was subsequently Injected in a similar 
manner or removed after the acute symptoms following the Initial pro- 
cedure had subsided. 

All operations were done under ether anesthesia and with complete 
surgical asepsis. 

The kidney was reached by a longitudinal abdominal incision usually 
about 10 cm. long and 1 cm. from the middle line, through which the 
intestines were withdrawn from the abdomen and covered with towels. 
By lifting the kidney from Its bed, and using gentle, blunt dissection. It 
was possible to Isolate the renal artery without trauma to Its accompanying 
nerves. The culture was Introduced directly Into the artery through a 
fine, bent hypodermic needle, after temporary Interruption of the blood 
stream by a s^rre-flne. After Injection, the vein was compressed for a few 
seconds, subsequent to the release of the arterial circulation. In order to 
secure complete spread of the bacterial emulsion throughout the kidney. 
The kidney was then put back Into its normal position, the intestines 
were replaced, and the abdomen was carefully closed In layers with silk. 
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As will be seen from the protocols, the immediate results of this 
procedure varied markedly. Some of the animals showed definite gen- 
eralized distemper, with conjunctivitis, nasal discharge, anorexia and 
loss of weight. Their urine at first contained some blood and showed 
large amounts of albumin. On the other hand, other dogs showed no 
signs whatever of a general infection and, after the first few days, only 
the slightest traces of albuminuria. The larger number of animals 
reacted to the injection definitely, but without the severe generalized 
infection of the first group. It seems reasonable to explain these results 
on the ground of variation in susceptibility of the different animals. 
The severe, overwhelming infections occurred as a rule in young dogs, 
whereas the animals that showed practically no reaction were old, or 
had at least attained their full growth. This observation coincides with 
the well-known immunity which commonly follows an attack of dis- 
temper. 

It i? possible, therefore, to divide the animals into three groups. 

1. Immime animals that showed only a transient renal lesion and 
no general reaction. 

2. Animals that died acutely with a fulminating renal lesion and 
an acute general reaction. 

3. Those that showed a milder renal lesion which progressed 
after the less severe general reaction had subsided. In this last group 
the animals ultimately succumbed to renal insufficiency, provided the 
uninjected kidney was removed shortly after the acute stage had passed. 

An illustrative protocol for each of the above groups has been selected 
from a large number and is presented below : 

GROUP I. 

Immune Animals That Showed Only a Transient Renal Lesion and no 

General Reaction. 

Illustrative Case. — Dog 27, a full-grown male. On March 18, 1916, 
under ether anesthesia a laparotomy was performed and 5 c. c. of a milk 
culture of B. hronchisepticus were injected into the right renal artery. The 
animal recovered from the operation promptly. On March 21 the urine 
contained a moderate number of casts, small round cells, and 1 gm. of 
albumin to the liter (Esbach). 

The urinary changes persisted; on March 24, 200 c. c. of slightly cloudy 
urine, obtained by catheter showed a sp.gr. of 1,031, albumin 0.5 gm. per 
liter, and many casts and cells in the sediment. Under ether anesthesia, 
the abdomen was again opened and the lower third of the uninjected left 
kidney resected. The right kidney was found much enlarged, with injected 



Digitized by 



Google 



Experimental Nephropathy in the Dog, 125 

capsular vessels and mottled surface. A wedge-shaped piece was resected 
for histological examination. 

Section of Kidney Six Days After Injection. — The capsule of the kidney 
is uniformly thickened by a very vascular granulation tissue which is 
replacing an exudate of serum, red blood cells, and relatively few polymor- 
phonuclear leucocytes. This inflammatory process extends into the renal 



Fig. 3. 

parenchyma only in focal areas, and here the Interstitial tissue shows 
great engorgement of the capillaries, infiltration with mononuclear cells 
and occasionally polymorphonuclear leucocytes. In such areas the tubules 
may be either dilated or collapsed; their epithelium may be flat, cylindrical, 
or vacuolated, and occasionally regenerative processes may be seen (Fig. 3). 
The glomeruli, likewise, are implicated. The tufts are swollen and fill 
the capsular space. The capsules themselves are delicate. The tufts show 
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occasional extensive hyaline thrombi (Fig. 4) and intercapillary as well as 
capsular adhesions. Occasionally red blood cells or poljonorphonuclear 
leucocytes may be found in the capsular space. In these scarred areas the 
liner architecture of the kidney is obscured, whereas between the scars 
changes of interstitial tissue, tubules and glomeruli are not remarkable. 



Fig. 4. 

The important points in the history of the animal subsequent to the 
second laparotomy are indicated in Chart I. 

On April 26, 38 days after the original injection of B. bronchisepticus 
into the right renal artery and three weeks after the removal of the left 
kidney, the animal was anesthetized and a small wedge of the right kidney 
was excised. It showed the following histological picture: 

The capsule is thickened, but otherwise shows no evidence of active 
inflammatory process. Extending into and scattered through the cortex, 
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are occasional typical scarred areas where the interstitial tissue is 
increased and studded with small mononuclear cells. Here the tubules are 
atrophied or dilated, and lined with a low cubical epithelium. They may 
contain casts. The glomeruli are numerous in these scars; they vary 
greatly in size and show capsular adhesions, and early hyalinization. The 



Fig. 5. 

remainder of the kidney cortex including the blood-vessels presents no 
definite change (Fig. 5). 

The general condition of the animal and the urinary findings immediately 
after the fourth operation are presented in Chart II. 

During the next two months the dog was given systematic daily exercise 
on a treadmill. He remained in excellent condition. The urine showed 
either no albumin or only traces; rarely an occasional cast. 
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CHART I.— DOG 27. 



Date. 



Mar. 25 

" 29 

" 30 

" 31 

Apr. 1 

2 

" 3 

" 4 

5 

6 

7 



Urine. 



Sp. gT. 



340 
450 
450 
400 
420 
250 
200 
450* 



12, 
13 



14, 
15! 

16; 

17 
1ft 
19 



20i 
21; 
23 

241 
25' 
26 



400 



350 
450 
440 
240 



350 
460 



450 
450 
250 
450 
150 
400 



600 
650 
220 
200 
140 



Alb.fin. 
perl. I 



Mic. exam. 



1,022 
1 ,030 
1,030 
1,040 
1,040 
1,020 
1,032 
1,032 



0.25 

0.5 

0.25 



Remarks. 



Looks well but does not eat. 
Has made a good recovery. 



•| 



. 25 Neg 'Animal is in excellent condition. 

I Has made an excellent recovery. 

1 ,020 Trace Phenolsulpbonephthalein out- 

^ I put 307c in 1 hr. Blood urea 

I 22 mg. per 100 c. c. 
0.25 ' 



1,028 
1,032 
1,034 
1,036 



I 



1,040 
1,030 



1,020 
1,020 
1,030 
1,030 
1,030 
1,040 



1,021 
1,022 
1,040 
1,040 
1,040 



0.25 Casts, pus, few Blood urea 30 mg. per 100 o. c. 
^ mononuclear ^ 
cells. 



0.25 iFlienolsulphonephthalein out- 

I put 52% in 1 hr. Blood urea 
I 25 mg. per 100 cc. 
Trace. I 



0.25 iPhenolsulplionephthalein out- 

, put 50% in 1 hr. Blood urea 
' I 27 rag. per 100 c. c. 



. Mean blood pressure is 120 
! mm. Hg. 



♦Third operation; under ether anestheaia the left kidney waa removed through a lumbar 
inciaion. 

On July 27, about four and one-half months after the original injection of 
B, hronchisepticua into one kidney and more than three months after total 
removal of the uninjected kidney, the mean blood pressure was 140 mm. 
Hg.; the phenolsulpbonephthalein excretion 49 per cent in one hour; the 
blood urea 48 mg. per 100 c. c. 

Discussion, — The above protocol is representative of a group of older 
dogs, in which no demonstrable general infection occurs after the 
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injection of B. hronchisepticus into a renal artery. The kidney, how- 
ever, shows immediate acute focal inflammatory lesions, which rapidly 
subside and result in focal scars similar to those that are frequently 
encountered both in the canine and human kidney. These latter lesions 
are associated with an intermittent albuminuria and cylinduria which 
persist for months, although there are no other evidences of renal 
insufficiency. 

CHART II.— DOG 27. 



Date. 



Mar. 26 
" 27 

" 28 
" 29 



" 30 

May 1 

" 19 



22 
23 
24 



Urine. 



Amt. c. c. 



340 
440 
250 
300 



410 
440 



Sp. gr. 



Alb.gm 
per 1. 



Mic. exam. 



Remarks. 



1,054' ' 

1 ,020 ' Excellent recovery. 

1,030 0.5 I 

1 ,042 ' Phenolsul phone plithale in out- 

I I I put 46% in 1 hr. Blood urea 

I 30 nig. per 100 c. c. 



1,034' 
1 ,034 



450 1,050, 
350 1,030 
440 1,032. 



0.25 Pub, no casts, a Phenolsulphonephthalein out- 
rare renal put 69% in 1 hr. Animal 
I cell. very well. 



GROUP II. 

Animals That Died Acutely with FtrLMiNATixa Renal Lesion and an 
Acute General Reaction. 

Illustrathe Case. — Dog 17. Large young male. Feb. 29, 1916. Under 
ether anesthesia a laparotomy was performed and 5 c. c. of a milk culture 
of B. hronchisepticus injected into the right renal artery. Immediately 
after the injection and release of the arterial circulation the organ became 
unusually tense and firm and the needle puncture in the arterial wall 
bled considerably. 

The next day the blood urea was 122 mg. per 100 c. c. The animal 
developed diarrhea, anorexia, and oliguria; death occurred on the sixth 
day after injection. 

Autopsy. — The right kidney is at least larger by one-half than the left 
(Figs. 6 and 7). Its capsule is not adherent, though somewhat thickened 
and suffused with blood. The surface of the organ is brownish purple, 
thickly mottled with yellowish, raised areas from 1 to 2 mm. in diameter 
On section the kidney is purplish red, engorged with blood, and with all 
the normal markings obscured. No evident abscesses are present. Cortex 
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and medulla seem to share equally in the increase in size of the kidney. 
The rest of the organs present nothing remarkable. 

Under the microscope are masses of red or white blood cells scattered 
through fairly well-preserved kidney tissue. • The interstitial tissue is 
spread by engorged vessels, edema and cellular accumulations. In many 



Fig. 8. 

places the exudate is composed almost entirely of red cells; in others of 
polymorphonuclear leucocytes. These areas give the section a mottled 
appearance (Fig. 8). In the areas of greatest engorgement the architecture 
of the kidney is lost. Collapsed or nearly collapsed tubules, lined with low 
epithelium, streak the mass of red and white cells. The tubules themselves 
contain in these places small clumps of cellular detritus. Where the 
tubules are better preserved, a similar exudate occurs in the interstitial 
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tissue to a lesser extent. The tubular epithelium shows acute and vacuolar 
degeneration. The glomeruli are implicated in most instances. They may 
show simply a compression, but as a rule emboli occur, associated with 
necrosis of part (Fig. 9) or all of the tuft, and even with miliary abscess 
formation (Fig. 10). Where the process is less marked in the tuft, a wedge 



Fig. 9. 



of necrotic capillaries appears to be plastered to the capsule. The capsular 
space may contain red blood cells and polymorphonuclear leucocytes. The 
capsule itself, except where it is in contact with the diseased tuft, is not 
implicated. The large blood-vessels are obscured by the extensive exuda- 
tive process. In the pyramids the collecting tubules contain hyaline casts, 
cellular detritus, red blood cells and polymorphonuclear leucocytes. 
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Sections of the uninjected kidney and of other viscera show only an 
extreme degree of cloudy swelling. 

Discussion, — The above protocol is descriptive of a large group of 
young animals, in which the injection was followed by a fulminating 
acute non-suppurative infiltration process. It is probably focal in 



Fig. 10. 

nature, but the foci are so large and so numerous that the intennediate 
areas are only demarcated by a slightly less intense involvement. Such 
lesions are rare in human pathology, but they find their analogy in 
occasional cases of acute septicaemia with or without cardiac valvular 
implication. 
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GROUP III. 

Animals with a Milder Renal Lesion Which Pbogbessed After the Less 
Severe General Reaction Had Subsided. 

Illustrative Case. — Dog 25. March 10, 1916. Under ether anesthesia 
a laparotomy was performed and 5 c. c. of a milk culture of B. hronchi- 
septicus were injected into the right renal artery. The animal recovered 
from the operation promptly. It was drowsy and ate little for several days, 
but after these mild general signs had disappeared, the urine continued 
abnormal as indicated in Chart III. 



CHART III— DOG 25. 



Date. 



Mar. 16 
" 18 



19 
20 
21 



22 



23 



25 
26 
27 

28 



260 



450 
250 
370 



100 



450 
350 
200 
250 



Urine. 



SP-fi^'- perl. 



330 i 1,022 



1,018 
1,022 
1,020 



660 I 1,012 



Mic. exam. 



1,032 



1,012 
1,016; 
1,030; 
1 ,022 



2.0 Many epithelial 

cells. 
2.0 Casts; few am all 
1 round cells. 



Remarks. 



0.5 No casts seen.. 

0.5 I |Phenolsulphonephthalein excre- 

' I tion 40% in 1 hr. Blood urea 

100 gm. per 100 c.c. 

2.0 I I Ether anesthesia, laparotomy. 

I The left kidney was found 
normal. Its lower pole was 
resected. The right kidney 
was definitely enlarged and of 
much firmer consistence than 
normal. The surface was 
somewhat mottled. 
iGreneral condition good. Wound 
healing well. 



6.0 



Casts, blood, 
and small 
round cells. 



0.5 



2.0 
1.0 



The animal was lively and seemed well. Although he ate abundantly 
there was definite loss of weight. On March 28 under paraldehyde anes- 
thesia (1.7 c.c. per kilo of body- weight) each ureter was exposed and 
cannulated. The outflow of urine from the left kidney in one hour was 
45 c.c. and contained 17 per cent phenolsulphonephthalein ; from the right 
the flow was 15 c. c. and contained only traces of the dye. 

During the night the dog died, not having deflnitely recovered from the 
anesthetic and operation. 
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Autopsy. — The right kidney is not markedly decreased in size (Pig. 11) ; 
the capsule is thickened and adherent. The surface is slightly granular 
and pale reddish brown. On section the cortex is slightly narrowed; its 
striations are obscured. The pyramids are paler than the cortex. The 
pelvis is normal. The remainder of the autopsy reveals no noteworthy 
changes. 

On microscopic examination there Is no appreciable difference between 
specimens removed 12 days after injection and those of the autopsy which 
was made on the 18th day. The capsule is irregularly thickened by fibrous 
tissue which shows no evidence of active inflammatory process. The cortex 
of the kidney has been greatly changed by an infiltration of mononuclear 
cells throughout the interstitial tissue (Fig. 12). This infiltration is not 
uniform. In many places it forms dense masses which compress and 
obscure the tubular parenchyma. These tubules contain casts and occa- 
sional masses of necrotic cells, but almost always retain a low, cubical, 
well-preserved epithelium. Where the tubules are not so markedly com- 
pressed, they also contain foreign elements in their lumina, and a higher 
vacuolated epithelium which, in many places, shows regenerative mitosis 
(Fig. 13). 

Throughout the cortex the glomeruli are very conspicuous. They are 
all enlarged, relatively acellular and stain pale pink, in contrast to the 
deep blue-streaked cortex. They contain little blood. The glomerular 
capsule is surrounded by mononuclear cells similar to those in the remainder 
of the interstitial tissue. Otherwise the capsule is delicate. The glomeru- 
lar spaces are usually well defined and many contain occasional blood cells, 
polymorphonuclear leucocytes, or serum. The glomerular tuft in many 
places shows hyalinization and accumulation of polymorphonuclear leuco- 
cytes. Furthermore, adhesions between tuft and capsule occur, although 
not very frequently (Fig. 14). The large blood-vessels show a definite 
thickening of the walls, which apparently involves both intima and media, 
although the latter to a more marked degree (Fig. 15). The left unln- 
jected kidney shows a few areas of interstitial infiltration with small 
mononuclear cells. 

The above experiment approximates in its histological results more 
nearly the chronie progressive renal lesion occurring spontaneously in 
the dog. However, since this animal was sacrificed in the attempt to 
study the differential function of the two kidneys, a second case of the 
group may he presented to illustrate more clearly the progressive 
nature of the lesion. 

GROUP III. 

Illustrative Case No. II. — Dog No. 19. On March 1, 1916, under ether 
anesthesia a laparotomy was performed and 5 c. c. of a milk culture of B. 
hronchisepticus were injected into the right renal artery. During the 
subsequent week the animal seemed entirely well. The urine contained a 



Digitized by 



Google 



Experimental Nephropathy in the Dog, 1H5 



Fig. 13. 
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Fig. 14. 



Pio. 15. 
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Blight trace of albumin; the phenolsulphonephthalein output in one hour 
was 50 per cent. 

A second laparotomy on March 9 showed the right kidney surrounded 
by rather numerous adhesions which bound It to the tail of the pancreas. 
It was somewhat enlarged, and its surface was deep red, with fine yellowish 
mottlings. A small wedge was excised for microscopic examination. 



Microscopic Section of Kidney Nine Days After Injection. — The capsule 
is irregularly thickened by vascular granulation tissue. The cortex of 
the kidney is uniformly changed. The interstitial tissue is increased and 
appears as a loose, young, connective-tissue stroma, which does not com- 
press the parenchyma of the cortex to any extent (Fig. 16). The tubules 
are indistinctly made out on account of the very extensive epithelial 
necrosis which has everywhere taken place. In most instances the epithe- 

11 
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lium of the convoluted tubules lies free within the lumen, and appears 
as a pale, pink-staining cast. There is, however, a low epithelium to be 
seen in the collecting tubules and evidence of extensive degeneration 
in the convoluted tubules (Fig. 17). The glomeruli vary greatly in appear- 
ance. Many of them show extensive vacuolization, the walls of the tuft 
being spread wide apart and in many places plastered to the capsule. 



Fig. 17. 

Others show marked increase and swelling in the cellular elements of the 
tuft. Still others are engorged, and cells, as well as serum, may fill the 
glomerular space (Fig. 18). The glomerular capsules are implicated in a 
process similar to that described in the interstitial tissue elsewhere. They 
show a slight increase of loose connective tissue at their peripheries. There 
are no marked changes in the blood-vessels. 
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The animal recovered rapidly from this second operation. On March 
15 the urine contained only the slightest trace of albumin; the sediment 
was negative. 

Chart IV indicates the further progress of the disease. 

CHART IV.— DOG 19. 



Date. 



Amt. c. c. 



Mar. 18 
," 19 
" 20 
" 21 
*' 22 



23 
24 



Apr. 



25 

26 



29 

30 

31 

4 

6 

7 

8 

9 

10 

11 



14 

15 

1 

18 



Urine. 



SP-fif'^- perl. I 



220 

260 I 
250 ' 
120 i 
40(?)| 



150 
140 



110 
200 
140 



450 
460 
450 
450 
420 
450 
200 
140 
150 
290 



140 
260 



75 
250 



Mic. exam. 



1,042 
1,040 
1,035 
1,035 
1,045 



1,020 
1,038 



0.5 I 

4.0 I 

1 . Many casts . . . . 
0.25 I Occasional east. 
4.0 , 



2.0 
1.5 



'Occasional cast. 



1,040 1.5 . 
1,035 0.5 |. 
1,020 0.25 '. 



1,010 
1,0101 
1,0101 
1,008| 
1,012 
1,012| 
1,010 
1,012| 
1,012 
1,012| 



1,018 
1,022 



Trace 
0.25 



Trace. 
0.25 
0.25 



0.5 



0.5 



Remarks. 



Few casts; 
much pus. Oc- 
casional epi- 
thelial cells. 



Phenolsulphonephthalein out- 
put 50% in 1 hr. Blood urea 
48 mg. per 100 c. c. Animal 
has marked general infection 
and is sick. 

Animal is better, but does not 
eat. 



Much better; eats and walks 
strongly. Nose and eyes are 
almost clear. 



Operation — left nephrectomy. 



Phenolsulphonephthalein out- 
put a trace in 1 hr. Blood 
urea 114 mg. per 100 c. c. 



1,017 2.0 
1,0101 2.0 



I 



Phenolsulphonephthalein out- 
I put a trace in 1 hr. Blood 
I urea 186 mg. per 100 c. c. 
Vomits. Urine cloudy. Blood 
I urea 359 rag. per 100 c. c. 

Vomits, drowsy, condition poor. 
JBlood urea 348 mg. per 100 c. c. 
1 Death. 



Autopsy. — All the organs are normal except the right kidney which is 
surrounded by some adhesions; it is small and shrunken in appearance 
and weighs only 6.5 gm. (Fig. 19). There is no evident cardiac hypertrophy. 
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Microscopic Examination of the Kidney Removed at Autopsy 50 Days 
After Injection. — The entire capsule is thickened with fibrous tissue. The 
cortex is irregularly involved by the chronic inflammatory process (Fig. 
20). In the areas most markedly implicated the fibrous tissue is dense 
and has caused an almost complete disappearance of the tubules. Most 
of them have minute lumina and a very low epithelium. They contain 



Fig. 18. 

homogeneous casts. In neighboring areas the tubules are definitely en- 
larged, lined with a similar low epithelium and have very large lumina 
containing a pink-staining, albuminous material. In these more exten- 
sively scarred areas the glomeruli are still abundant and conspicuous on 
account of absence of the tubules. They vary from very small ones to 
those several times the normal size, and show all stages of necrosis, healing 
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with adhesion formation and hyalinization (Fig. 21). The blood-vessels 
in these densely scarred areas have somewhat thickened walls, although 
this is not conspicuous. In nearby areas the changes are less extensive, 
but have the same general characteristics. The tubules in particular are 
of interest on account of their increased size and the very high, extensively 
vacuolated epithelium which lines them. 



Fig. 20. 

The uninjected kidney, removed 38 days after the original operation, 
shows an occasional area of small-round-cell infiltration in the interstitial 
tissue with an associated dilation of the tubules and an atrophy of their 
lining epithelium. These extend along the course of the blood-vessels, 
which have somewhat thickened walls. No glomerular changes are to 
be seen. 
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Discussion, — The above two protocols of Group III are characteristic 
of the changes found in a number of animals subsequent to the injection 
of B. bronchisepticws into the renal artery. The definite evidences of 
general infection were associated with and followed by acute renal 



FiQ. 21. 

changes, which in part subsided, with resultant gross and histological 
changes typical of those found spontaneously in the dog and in the 
better known small granular kidney of chronic diffuse nephritis in man. 
The initial acute changes in the kidney were so severe that they 
resulted in rapid and extensive anatomical alteration of the renal 
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cortex, together with impairment of its function, so that death from 
renal insufficiency occurred shortly after the removal of the uninvolved 
kidney. 



Fig. 22. 



Conclusions. 



Spontaneous renal lesions similar even in detail to those found in 
the human kidney in the progressive, non-suppurative types of 
nephritis occur in dogs. 

Similar conditions may be experimentally produced by the injection 
of the B. hronchi^epticus into the renal artery of dogs. 
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The results of this injection vary, but the animals tend to group 
themselves as follows : 

1. Those in which no demonstrable general infection occurs; the 
kidney, however, shows immediate acute inflammatory lesions which 
rapidly subside and result in focal scars associated with intermittent 
albuminuria and cylinduria. 

2. Those that died acutely with a fulminating renal lesion and an 
acute general infection. 

3. Those in which there was definite evidence of general infection 
as well as renal involvement. The first subsided, while the kidney 
changes progressed and led so rapidly to functional impairment that 
the organ was unable to maintain its efficiency after the other kidney 
had been removed. 
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MESARTEBITIS OF THE PULMONARY ARTERY. 
By M. C. WINTERNITZ and H. C. 8CHMEISSER. 

{Frtkm the Department of Pathology of The Johns Hopkins Unioersitw, 

Baltimore.) 

Mesarteritis^ so frequent in the thoracic aorta^ is exceptionally rare 
in other large vessels. It occurs in the abdominal aorta, and isolated 
examples of similar implication of the iliac, femoral, splenic, pid- 
monary and other arteries have been recorded. The recognition of the 
specificity of mesarteritis, its etiology, its differentiation from other 
types of aortic disease, and its relation to aneurysm formation, though 
slow, has now become almost general. 

In the pulmonary artery, as in the aorta, the lesion is distinct from 
other types of atherosclerosis. On account of its rarity, however, the 
significance of pulmonary mesarteritis can be appreciated only by a 
consideration of the analogous lesion in the aorta. For a clearer con- 
ception of the process, therefore, pulmonary atherosclerosis and mes- 
arteritis will be briefly discussed before some of the instances of syphilis 
of the pulmonary artery in the literature and two new observations are 
presented. 

PULMONAET AtHBROSOLBBOSIS. 

1. Pathological Anatomy. — Moderate grades of pulmonary athero- 
sclerosis are frequent enough at the post-mortem table. It appears as 
yellowish or yellowish-white plaques or nodules varying in size, and 
more or less elevated after the vessel is incised. Calcification occurs to 
a slight degree. The vessel wall may be thickened, its elasticity lost, 
and the main stem considerably dilated. Atheromatous ulcers have not 
been described (Torhorst,* Thorel,* Fischer,* Posselt,* and others). 

Histologically, the lesions are similar to those of general arterio- 
sclerosis. The essential changes are a primary thickening of the intima 
and a subsequent degeneration. Bnmning's' idea that the lesion 
involves primarily the elastico-muscular layer seems to have been dis- 
proved, and recent writers (Torhorst, Fischer) do not agree with 
Thoma as regards the pulmonary artery at least, that the primary 
degeneration involves the media. This is only one of the points in dis- 
12 
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pute. They are many, and correspond naturally to similar ones that 
have arisen in the literature of general arteriosclerosis. 

Primary medial changes^ either of the muscle or elastic tissue, are 
not described, nor are blood-vessel formation or other granulation- 
tissue products found in association with the much thickened and 
degenerated intima. In the larger vessels alone, isolated degeneraticms, 
involving, however, only the elastic connective-tissue ground-substance, 
occur and seem most likely to appear where the media has not received 
sufficient protection by intimal thickening. The media may be thinned, 
not only relatively but absolutely, beneath large intimal plaques. 

2. Incidence. — Minor histological changes in both intima and media 
are described by Torhorst, where grossly there was no visible lesion. 
More marked processes are not infrequently found where there is a 
general atherosclerosis. As Fischer points out, however, the blood 
pressure in the pulmonary tree is to a great extent independent of that 
in the systemic vessels, and in these cases the high blood pressure, an 
important factor in the genesis of arteriosclerosis, may be lacking. 
Furthermore, the most severe atherosclerotic changes in the pulmonary 
artery occur in pulmonary emphysema, cardiac disease, especially 
mitral stenosis and other conditions associated with a long-continued, 
increased blood pressure in the lesser circulation. 

Even in this group of cases, however, the pulmonary sclerosis does 
not influence the clinical picture in any way, and anatomically it is 
simply an interesting, casual finding. There are, however, according to 
Monckeberg,* rare instances in the literature in which sclerosis of the 
pulmonary artery occupies the foreground of the picture, in which it 
stands alone responsible for the clinical and anatomical findings. 

Monckeberg was able to find only two such cases, those of Romberg * 
and Aust,* when he described his own two in 1907. Three of the four 
cases occurred in young individuals. Dyspnoea, cyanosis, cardiac 
enlargement, oedema and chronic passive congestion were foremost in 
the clinical picture. At autopsy, the heart valves were normal, and 
there was a marked hypertrophy of the right ventricle, without cor- 
responding lesions in the lungs to account for the change. The pul- 
monary artery was dilated throughout its stem and main branches, and 
then markedly narrowed in the finer branches. The intima of the rigid 
vessel wall was covered with thick, plaque-like yellow patches, which, 
in Monckeberg's cases were similar histologically to the usual extensive 
atherosclerotic processes. 
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Very probably some of the cases reported in 1908 by Bogers * from 
Bengal, althongh the evidence is not conclnsiye, shoidd be included in 
this group. More recently still, Sanders^ has added a iypical case. 
The subject has been reviewed by Posselt, who is inclined to explain the 
original cases of Bomberg and Aust on the basis of a congenital narrow- 
ing of the cardiac ends of the pulmonary vein. 

Mbsaobtitis. 

The etiology of these atherosclerotic processes in the pulmonary 
artery, as of tiiose in the systemic vessels, is very imperfectly under- 
stood (see Posselt). Until recently syphilis was believed to be an 
important predisposing factor for general atherosclerosis, but the work 
of Doehle'^ and Heller" inaugurated the present conception that 
syphilis produces a specific process in the blood-vessels distinct from 
other lypes of arterial disease. This lesion is localized almost exclu- 
sively in the thoracic aorta. Macroscopically, it is characterized as 
much by the lack of ulceration and calcification as by the thickening 
of the vessel wall, its loss of elasticity and the linear radiating con- 
tractures of the intima, which not infrequently enlarge to form irregu- 
lar depressions and aneurysms. Microscopically, in contrast to what 
is found in the usual atherosclerotic processes, the seat of the lesion 
is in the outer two coats of the vessel. It consists of widespread, roxmd- 
cell infiltration of the adventitia around the vasa vasorum, but above 
all, by the replacement of the elastic fibers in the media by granidation 
tissue very rich in round cells, or of hyaline fibrous tissue that later 
replaces this granulation tissue. The intima may remain normal, and 
the oft-found thickening is either secondary or a complication with a 
pure atherosclerotic process, to which the vessel, made inelastic by the 
medial disease, seems particularly prone. 

As distinctive as are the anatomical characteristics of mesaortitis, 
their relation to syphilis has been more difficult to determine. Herx- 
heimer," in 1907, reviewed this question and cited equally important 
positive and negative evidence. To the latter belongs Ziegler's opinion 
that similar changes also occur in coccus and other infections. Herx- 
heimer concludes that it is only possible to include the rare gummatous 
arteritis as of unquestionable syphilitic origin and, although a large 
number of the pure '^ Schwielige Sclerosen '' undoubtedly shoidd be 
included in this etiology, it is not possible in the individual case to 
come to a definite conclusion, inasmuch as the scar presents nothing 
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characteristic. This conservatism became modified very decidedly 
during the next eight years, as is evidenced by the tone of ThorePs " 
review. The spirocheta pallida has been demonstrated in the necrotic 
areas of the vessel wall only in a few instances, but with the help of the 
Wassermann reaction it has been shown that a large percentage of the 
lesions occur in individuals infected with syphilis (76.9 to 94 per cent). 
A positive reaction does not indicate that a specific organic lesion is 
necessarily due to syphilis ; nevertheless, its coincidence with aneurysm, 
tabes and general paralysis, and the other known lesions of sjrphilis, 
has strengthened the opinion that mesaortitis is brought about in the 
first instance by the luetic virus. 

The rapid change in the conception of the etiology of the lesion in 
the aorta is in large part due to the frequency of its occurrence. It is 
more oonamon than severe arteriosclerosis (Benda **, Thorel "). It was 
found in 6.89 per cent of 1436 autopsies and occupied the third place 
after tuberculosis and malignant disease in Obemdorfer^s studies. 

Still, as Thorel points out, the macroscopic and microscopic appear- 
ances, in the majority of cases, are in themselves not specific for sjrphilis. 
They do not diflferentiate themselves, as a rule, in any way from other 
inflammatory processes, as they are observed also in other regions. 
Even the presence of giant cells in the occasional necrotic areas are not 
universally accepted as indices of their gummatous nature. 

In large vessels, other than the aorta, on the other hand, mesarteritis 
is rare. Herzheimer includes a few cases in his review (p. 205). 

As has been said, the usual tjrpes of atherosclerosis of the pulmonary 
artery are similar to those found elsewhere in the body, and they 
differ sharply from those changes which are, in all probability, brought 
about by sjrphilis. At present, sjrphilis is not believed to play a r61e 
in the genesis of these general atherosclerotic processes. If sjrphilis 
involves the pulmonary artery, it is just to assume that the lesions 
will be similar to the specific lesions in the aorta. 

The most conclusive evidence of the specificity of a lesion in the pul- 
monary artery would be the demonstration of the spirocheta pallida. 
This can hardly be expected as, in spite of the very great frequency 
of mesarteritis of the aorta, the organism has only been found in the 
diseased vessel wall in a very few instances. Less satisfactory but 
important criteria would be firstly the presence of gummata in the wall 
of the vessel and then of a typical mesarteritis. 
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Literature. — ^The entire literature on the subject of syphilis of the 
pulmonary artery is small; many of the eases were reported before the 
etiology of syphilis and the Wassermann reaction became known, (md 
in many the description of the anatomical changes is too meager to 
allow of definite deductions. 

Nevertheless, a number of definite cases of gumma of the pulmonary 
artery with or without an associated mesarteritis and of mesarteritis 
alone have been described : 

GROUP I. 

OUMMATA OF THB PULMONABT ABTEBT. 

A girl,* 21 years old, who had been treated for definite secondary syphilis 
showed at autopsy gummata of the skull, scars and gummata of the liTer 
and stenosis of the lower branch ot the right pulmonary artery. This 
stenosis extended over a distance ot one inch and within this area there 
was a nodule the size ot a bean (.75 cm. x 2.5 mm.) which projected into 
the lumen ot the yessel. The nodule arose in the media, was covered with 
intact intima and was composed of a granulation tissue similar to that at 
the periphery of the liver gummata. The media, furthermore, was thick- 
ened for a considerable distance toward the lung and caused a definite 
narrowing (^ the vessel. 

A man,t aged 31 years, who had suffered for eight years with ccmstitu- 
tional syphilis, showed at autopsy gummata of the pectoralis major muscl^ 
tongue, skull and heart muscle. In the pulmonary artery, between two 
valves there was a nodule the size of a pea and many smaller ones. On 
section these were reddish grey, soft and homogeneous. On the wall of 
the pulmonary artery. Just above the left cusp, there was a small diverticu- 
lum one and one-half inches wide in which similar small nodules occurred. 
The pulmonary valves were normal, the artery wall was thickened and 
adherent to the surrounding structures. Similar smaU nodules, the size 
of cofFee beans, were found in the left main branch of the vessel. 

A woman,! aged 32 years, with a history of breathlessness and fainting 
attacks showed clinically a mitral systolic murmur and heart-block. At 
aut<9sy the left lung was retracted; the heart weighed 640 gm. The right 
side was dilated and hypertn^hied; the left ventricle was slightly dilated. 
Gummata ot the interventricular septum and ot the wall of the pulmonary 
artery Just above the pulmonary valves were the only lesions of syphilis 
found in the body. The brain was not examined. 

♦ O. Weber. Verh. d Niederrh. Ges., 1863, p. 171. Med. Centrals. 1836, Nr. 
103; cited by B. Wagner, Arch, der Heilkunde, 1866, VII, 530. 
t B. Wagner. Arch, der Heilkunde, 1866, VII, 530. 
t H. Hanford. BriUsh Medical Journal, 1904, II, 1745. 
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A nutn,* aged 87 years, who had died luddeQly, showed at antopej a 
tumor in the wall ot the pulmonary artery Just above the semilunar Yalyes. 
It was coyered with intima and projected into and narrowed the lumen of 
the yessel. 

Microscopically, it consisted larg^y of giant cells. The diagnosis lay 
between a sarcoma and a gumma; the decisicA was finally in fayor of the 
latter. 

The cases of Weber and Wagner are frequently cited and these, with 
the more recent one of Hanf ord, undoubtedly belong in this group, 
whereas that of Sequeira may be questioned. 

GROUP II. 
MisaiBTisrns and Guioca of thk Pulm orabt Abiikt. 

A woman,t 53 years old, had suffered for six weeks from palpitation, 
dyi^nea, edema and cyanosis. A pericardial and an endocardial murmur 
were made out 

At autopsy in the endocardium of the conus pulmonalis there were three 
yellowish, soft, elastic nodules, the size ot split peas, coyered with smooth 
endocardium. On section they extended into the musculature and had 
y^ow necrotic centers. 

The intima, in a defect between two of the pulmonary yalyes, was 
thickened. Nearby it was wrinkled in the tonn. ot a scar. On both sides 
of this scar, shimmering through the intima, there were about seyen pea- 
sized or smaller nodules, which on section were similar to those in the 
yentride. A similar tiny nodule was found on one of the yalye leaflets. 
The pulmonary artery, which was bound to the aorta by dense fibrous 
tissue, had a narrowed lumen. 

A man,t aged 50 years, clinically had edema, increased area of cardiac 
dulness and other signs of cardiac decompensaticn. 

At autopsy the heart weighed 750 gm. The wall of the pulmonary artery 
was thickened and the intima uneyen. Round or oyal nodules, the size of 
peas, were present in the yessel wall. These yaried in consistency; some 
were soft and dough-like, others tough. On section they showed a cheesy 
content The pulmonary yalyes were adherent to a thickened fold ot the 
pulmonary artery. The wall ot the left yentride measured 1.5 cm. in thick- 
ness, that of the right, 1 cm. The endocardium of the right yentride was 
thick and opaque. Microscopically, the nodules in the pulmonary artery 
preyed to be gummata. 

* Sequeira. Transact (^ the Pathol. Society, 1897, XLVIII, 58; dted by 
Posselt in Ergebnisse der allgemeinen Pathologic und pathologischen 
Anatomic. Liubarsch und Ostertag, 1909, 471. 

tSchwalbe. Virchow's Arch., 1890, CXIX. 271. 

t Kasem-Beck. Centralblatt fQr Innere Medizin, 1900, XXI, 593. 



Digitized by 



Google 



Mesarieritis of the Pulmonary Artery, 161 

Kmaem-Beek refers to another case reported by him in 1889 (Klin. 
Zeitong Ton BotUn). 

This was a case of pulmonary stenosis similar to the <me aboTe. It 
differed in so for as the gummata had metamorphosed and contracted 
soars had resulted. The intima of the pulmonary artery showed scars 
particularly at the bifurcation; the lumina ot the branches were narrowed 
and the sum of their diameters was less than that ot the main stem; they 
barely admitted the little finger. The walls ot the main and smaller 
branches were thickened and tough. At the bifurcation there was a fibrosis 
of the adTcntitia which formed a collar for the main stem and both branches. 

A man,* aged 49 years, with a history of untreated syphilis, came under 
obserration with dyspnoea, palpitation, ascites and anasarca. 

At autopsy the heart, which was one and a half times the normal sise, 
showed a hsrpertrophy and dilatation c<mfined almost entirely to the right 
side. The endocardium of the right ventricle was thickened, particularly 
at the conus, where there were numerous small nodules that extended into 
the musculature and on section were yellow with a grey peripheral zone. 

The pulmonary artery was markedly dilated — 12 cm. in circumference; 
its walls were irregularly thickened, its intimal surface uneren. On section 
similar small yellowish nodules were found in the thickened areas. 

The left ventricle was slightly dilated and showed a fibrous scar and 
thrcmibus at the i^^ez. The intima of the aorta was thickened and a small 
nodule was found in the septum ot the heart below the aortic valve. The 
lungs were leathery and showed numerous fibrous strands along the 
vessels and bronchi. The liver showed a dense scar. 

Microscopically the pulmonary artery and heart muscle showed areas (^ 
granulation-tissue infiltration which merged into typical syphilitic gum- 
mata. There was also an endarteritis which had led to complete oblitera- 
tion ot the lumen of many small vessels. 

There seems to be no question that all four cases belong to this group. 

The case of Schwalbe and the first one of Kasem-Beck are fre- 
quently referred to; that of Wagner and Quiatowski is recent; it is 
interesting that the second case of Easem-Beck has not been included 
in any review. 

GROUP III. 

MESABmuns of thk Puui orabt Artbt. 
Rogers t describes 10 cases of disease of the pulmonary artery. In nine 
there is no reason to brieve that syphilis was the etiological agent One, 
however (Case I), is a remarkable example of mesarteritis of the pul- 
monary artery and valves. It was found in the Museum ot the Calcutta 
ICedical College and had been fully described by the late Dr. F. P. McCannell, 
I. M. a, in the museum catalogue and in the post-mortem register of 1877. 

* Wagner and QuiatkowskL Virchow's Arch., 1908, CLXXI, 869. 
t Rogers. Quarterly Journal of Medicine, II, 1908-9, 1. 
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The patient was a Hindu male, aged 38 years. He liad botli a history 
and scars of a previous syphilis. 

The heart was enlarged, particularly the right side. The pulmcmary 
orifice was wide and incompetent; the valves were thickened and deformed. 
The artery. Just ahove the valve, was dilated to the size of a walnut. Else- 
where it was thickened and leathery, its inner surface rough, opaque and 
irregularly thickened, corrugated and wrinkled.* 

A woman,t 34 years of age, who had had one miscarriage but otherwise 
no history indicative of syphilis, showed a heart hypertrophied more on 
the right than the left side. The pulmonary valves were somewhat thick- 
ened and all the branches of the pulmonary artery showed plaques of 
sclerotic change. The wall of the pulmonary artery was thicker than that 
of the aorta. In addition there was a pulmonary fibrosis that was very 
marked about the vessels. 

Histological evidence was not sufficient to indicate that the changes in 
the pulmonary vessels were syphilitic, although the author concluded that 
this was the most probable etiology. 

A man,t aged 57 years, had always been well until six years before death 
when he had had a small "stroke." This was followed by difficulty in 
speech, mental deterioration and paralysis. He had no history of syphilis. 

At autopsy there was a bilateral old pachymeningitis. 

The left lung was very small and firm. Bands of fibrous tissue extended 
in from the hilus as far as the thickened pleura. The walls of all the blood- 
vessels were thickened. 

The heart was slightly enlarged, chiefly as a result of hypertrophy of the 
left ventricle. The pulmonary artery showed an aneurysm of its wall which 
measured 6 x 3.5 cm. Elsewhere the thickened intima of the main stem of 
the pulmonary artery showed extensive scarring. The right main branch, 
which arose near the aneurysm, was very wide. The left was narrowed 
markedly by dense fibrous tissue which extended between the pulmonary 
artery and the aorta, but which was only in direct continuity with the 
former. 

The testes showed a fibrous induration. 

Microscopically, the pulmonary artery showed a typical mesarteritis; 
the intrinsic blood-vessels of the lung showed a marked intimal prolifera- 
tion, a media poor in elastic tissue and a new elastica interna beneath the 
endothelium. The media and adventitia were not thickened and there was 
no round-cell infiltration. 

A girl,S 23 years of age, whose father was luetic, but who had not herself 

* The author himself does not emphasize the resemblance of the changes 
in the pulmonary artery to those in mesaortitis. 

fH. Brooks. Proceedings of the New York Pathological Society, 1907. 
VXI, 177. 

t H, Barth. Frankfurter Ztschr. fiir Pathologie, 1910, V, 139. 

5WaUis. Hyglea, 1887, p. 59 (29). Cited by Posselt in the Ergebnisse 
der allg. Path, und path. Anat, Lubarsch und Ostertag, 1909, 471. 
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shown any symptomB of syphilis, died several months after the onset ot 
thoracic signs. 

At autopsy there was a marked cardiac hypertrc^hy mainly of the left 
ventricle. The heart valves were normal. Both the aorta and pulmonary 
artery showed narrowed lumina and thickened walls. The latter involved 
the medfa and adventitia. 

Fibrous connective tissue * filled with large gummatous nodules replaced 
the wall of the arch of the aorta. The stem of the pulmonary artery was 
indurated and its lumen, just above the pulmonary valves, was definitely 
narrowed. 

A woman,t 42 years old, with no history of syphilis, had a thoracic 
aneurysm and myocardial insufficiency. At autc^sy there was general 
edema, hypertrophy and dilatation of the right heart and an aneurysm of 
the pulmonary artery, the size of a hen's egg Just above the valves. The 
vessel above the sac was narrowed for a short distance. The left main 
branch was dilated; the right was thlck-walled and had a small lumen. 
The wall of the aneurysm was thickened and showed radiating scars but 
no atheroma or calcification. There was a laminated thrombus on a part 
of its wall. A dense scar that arose in the adventitia of the pulmonary 
artery bound together the structures in the anterior mediastinum. Micro- 
scopically, this scar was infiltrated with mononuclear cells as were also the 
scars in the adventitia and media of the pulmonary artery. 

A woman,! 34 years old, showed at autopsy a severe syphilis of the 
arterial system which involved the entire aorta as far as the origin of the 
superior mesenteric artery, the great vessels of the neck and both sub- 
clavians. One of these was totally obliterated. 

In this group, Earth's case is the most conclusive and is also the most 
recent. 

There remain a number of cases frequently included as possible instances 
of syphilis of the pulmonary artery, in which the evidence is not sufficient 
to include them in any of the above groups. Among these are two cited 
by Wagner and Quiatkowski from Virchow. Ck>ncerning one of these 
Virchow," himself said: "Ob der sonderbare Nodulus auf der Wand der 
Lungenarterie ein Syphilitisches Condylom war, muss ich unentschieden 
lassen." Another doubtful case by Dickinson^ is included in Posselt's 
Review. 

♦Friedreich. Syphilis des Herzens, Wien, 1889, 67; cited by Posselt 
Ergebnisse der allg. Path, und path. Anat, Lubarsch und Ostertag, 1909, 
47L 

t Henschen. Sammlung Klinischer Vortr&ge. Neue Folge innerer Medi- 
zin, 190e, Nr. 126, 595. 

t Westenhoeffer-Verein t inn. Med. in Berlin, 1906; cited by Posselt in 
Brgebnisse der ailgemeinen Pathologic und path. Anatomic, Lubarsch und 
Ostertag, 1909, 471. 
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In three others only one ot the branches ot the polmonur arterjr was 
inyolYed. Ribbert's*' case showed a typical mesaortitis; the adTsntitla 
of the aorta contained typical gummatous masses which snrroonded the 
occluded branch of the pulmonary artery. 

In McPhedran and Mackensie's ^ case the endarteritis ot the right brandi 
of the pulmonary artery was considered to be syphilitic on account of the 
presence of miliary gummata in the liTer, although there was no other 
eyidence ot the disease in the body. 

Payne* makes no menticm of the larger branches of the pulmonary 
artery. In one lung there was periarterial thickening iuTOlying the media 
and intima. On account of the distributioQ and histological picture of the 
lesion he concluded that the process was probably due to syphilis, although 
there was no other evidence of the disease. 

In his review ot aneurysm ot the pulmonary artery, Henschen ** includes 
a number of cases in which the data in the original reports are insufficient 
for him to determine the nature of the associated sclerotic changes in the 
vessel wall, even though he feels that in the majority these may have 
depended upon syphilis. 

The two cases of mesarteritis of the puhnonary artery, recorded 
below, present anatomical changes in the vessel wall similar to those in 
mesaortitis. In the first, the clinical history, the positive Wassermann 
reaction and the presence of lesions elsewhere in the body indicate that 
syphilis is the etiological agent. In the second there are much more 
extensive lesions in the pulmonary artery, even aneurysm formation, 
but the negative clinical history and Wassermann reaction and the 
absence of other more characteristic lesions of syphilis in the body 
makes the decision concerning the etiology of the vascular changes 
more difficult. 

Cask I. — Lt, C, a colored male, aged 27 years, was admitted to the surgi- 
cal clinic ot The Johns Hopkins Hospital in the service of Dr. W. Q, Halsted, 
on April 29, 1913. 

He had had gonorrhea several times and a chancre followed by a char- 
acteristic secondary syphilis at the age of 17 years. 

On admission the patient cmnplained of a sw^ling in the right groin. 
At first the nodule was quite smaU but with increase in sise there was 
severe pain which radiated towards the right knee. 

On physical examination no general glandular enlargement was noted. 
The retro-manubrial dulness was increased towards the left 

The patient had a brassy cough whi(^ was aggravated in the decubitus 
position. X-ray examination revealed a circumscribed dilatation of the 
aorta. The Wassermann reaction was positive. 

There was an expansile, pulsating oval mass in the right groin. On May 
6 a silver band was placed around the external iliac artery lust above this 
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aneurysm* The operation was followed by a slight decrease in the pulsa- 
tion at the sac The patient's general condition became alarming. He 
had difficulty in breathing. The brassy oou^h was exaggerated. On May 
9, his temperature and pulse, which had been normal, suddenly rose to 
lOS"* F. and 166 respectlTely. This was associated with signs of pneumonia, 
to which the patient succumbed several days later. The autopsy was 
performed four hours after death. 

Autopsy S9i7, Anatomical Diagnosis. Primary. — Byphilitic mesarteritis 
of the aorta, pulm<mary splenic and right femoral arteries; saccular 
aneunrsms ot the arch, descending aorta, splenic and right femoral arteries, 
fibrous <Mrchitis; syphilitic cirrhosis of the liyer. Healed gumma (?) of 
kidney. 

Subiidiary. — ^Pseuddobar pneumonia with abscess formation and organ- 
isation, flbrino-purulent pleurisy. 

The J>ody is that of a well-nourished colored male, 157 cm. in length. 
There is marked exophthalmos. The pi^iils are regular and equaL The 
entire body is covered with puckered, slightly atrophic, brownish pig- 
mented scars, averaging 0.5 cul in diameter. The penis is extensively 
scarred. Just above the right Poupart*$ ligament i$ a recent surgical 
incision. Below PouparVs ligament on the same side is a soft, irregular 
mass <ibout 6 cm. in its longest diameter. 

Peritoneal Cavity. — ^The spleen is bound down to the diaphragm by fibrous 
adhesions. 

The left pleurca cavity presents nothing of interest The right pleural 
cavity contains about 200 c c of slightly yellow fiuid. 

The pericardial cavity contains a few cubic centimeters of dear, straw- 
colored fluid. Its serous surfaces are smooth and glistening. 

The heart is of normal size. The surface is smooth. The epicardial fat 
is not increased. The right auricle is not enlarged. Its wall is not thick- 
ened. The endocardial surface is smooth and glistening. The foramen 
ovale is dosed. The tricuspid ring measures 12.5 cm. The valves, chords 
tendinee, and pi^illary musdes are delicate and smooth. The right ven- 
tride is n<H*mal. The pulmmary ring measures 8 cm. Its cuqps are 
delicate, transparent and normally attached. The intimal surface of the 
common pulmonary artery, as well as that of the branches as far down as 
their smallest ramifUxUions is irregularly corrugated. This is brought 
about more by irregular Unear, or radiating translucent, greyish^hite 
depressions than by actual thickening of the intim^ itself. There is a 
marked absence of arteriosclerotic patches, calcification and ulceration. 
The left auricle is normal in every respect. The mitral ring measures 9 cm. 
Its valves, chords tendinee, and pi^iUary musdes are not implicated. The 
wall ot the left ventride averages 12 mm. in thickness. The chamber is 
not dilated. The aortic cusps are delicate, semi-transparent and ncHrmally 
attached. 

The myocardium on tangential section has a uniform, reddish-brown color. 
The aorta through its entire length is greatly thickened and presents an 
extensive **barh4ike** pattern throughout. The depressions, often irregu' 
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lar with radiations from their periphery, are pole pinkish grey; between 
them the intima is thickened and frequently more translucent. There is 
a marked absence of caldficaiton and ulcer<Uion. At the origin of the 
innominate artery there is a saccular aneurysm, S4 cm. in diameter. The 
sac contains a small laminated clot, which covers an erosion on the outer 
wall of the trachea just above the bifurcation. The descending aorta 
presents numerous, saccular aneurysms, the smallest 1 cm,, the largest 
2,5 cm, in diameter. 

Lungs, — ^The lower and middle right and a large part ot both the left 
lobes are^dark red, firm and non-air-containing, with a dry and granular 
pleural surface. On section they are grey and finely granular, with scat- 
tered clusters of more yellowish, opaque granules. From the latter, droplets 
of pus can be squeezed. The remaining portions of both lungs present a 
smooth glistening pleura. They, are soft, air-containing and of a pink 
color. At the hilum of each lung about the bronchi and pulmonary vessels 
is an extensive puckered scar with radiating, bluish-white, translucent 
lines passing out into the surrounding tissue. In the middle right lobe are 
several bluish-white puckered scars with radiating bluish^hite bands. 
The hilic lymph glands are normal in size and appearance. 

The spleen weighs 150 gm. and measures 11 x 6.5 x 3.5 cm. In places the 
ciMPSule is somewhat thickened and milky. The spleen is firm and dark 
red or purple. On section the capsule and trabeculie are slightly thickened, 
the vessels gape; the Malpighian corpuscles are distinct but not enlarged; 
the pulp is not increased. 

The stomach and duodenum, externally and when evened, appear normal. 
The common bile-duct and pancreatic duct are patent 

The pancreas is normal in appearance. The consistence is not increased 
and the lobulation is distinct. At the upper border of its middle third 
there is a saccular dilatation of the splenic artery, about 2 cm, in diameter 
in which there is a laminated clot. 

The liver weighs 1550 gm. and measures 25x18x7 cm. Its surface 
presents many puckered and linear atrophic areas, which on section 
extend as broad tapering, greyishrwhite scars deep into the liver paren- 
chyma. The liver is firm, pale, brownish and on section between the scars 
the normal architecture is readily seen. 

The adrenals appear normal. 

The kidneys weigh 425 gm. The left kidney measures 12x5.5x5 cnL 
The capsule strips readily leaving a smooth, dark purple surface. The 
kidney is rubbery in consistence. On section the cortex averages 8 mm.; 
the striations are regular, the glomeruli large and purple, the striie of 
the pyramids pronounced and the pelvis normal. 

The right kidney is sinUlar to the left except that its pelvis, anterior 
half and the perirenal tissue has been converted into a bluish^hite trans- 
lucent mass whose cut surface appears granular and whose margin is 
scalloped. 

The pelvic organs all i^pear normal. 
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The 9maU and large intentines including the rectum present nothing of 
interest 

The teitei are small and firm. On section they are extensively scarred. 

The neck organs appear normal. 

Femoral Aneury9m,—Ju8t beloto Poupart*$ ligament, occupying Scarpa's 
triangle, the right femoral artery i$ dilated into a saccular aneurysm, 
13x10x6 cm. This has caused some erosion of the upper ramus of the 
pubis upon which it lies. The capsule of the hip-joint has been greatly 
thinned by pressure, posteriorly the aneurysm has ruptured by a very fine 
opening, and there is a toalled-off blood clot under the medial portion of 
the psoas muscle. 

MICROSCOPICAL NOTES. 

Heart. — ^The fibers and their nuclei are somewhat larger than normal. 
There is no proliferation of the interstitial tissue. 

Common Pulmonary Artery. — The intima is thickened. The media is 
traversed here and there by strands of scar tissue, containing blood-vessels. 
There is no cellular infiltration in any of the coats. 

Left Pulmonary Artery — Longitudinal Section. — The intima is not 
involved. The elastic and muscle fibers of the media are extensively 
broken by strands of scar tissue containing bloodvessels and infiltrated 
with small round cells. These scars take either a transverse or a longi- 
tudinal direction. The adventitia is greatly thickened and composed of 
coarse, hyaline fibrous tissue poor in nuclei. Scattered through this are 
foci of SToall round cells, frequently clustered about a blood-vessel. Section 
through the scar at the hilum of the right lung including the pulmonary 
artery shows several nodular structures in the vessel wall which bulge 
into the lumen and slightly compress the media. These nodules consist 
of a dense mass of epithelioid and round cells at the periphery of a caseous 
or necrotic center. One giant cell also was found in the wall of such a 
nodule. The media of the vessel shows no change, but the adventitia is 
enormously thickened by coarse, hyaline bands of fibrous tissue, which 
unite it with a similar, more cellular mass of scar tissue around the 
bronchus. The wall of this bronchus is also infiltrated with round cells 
and its epithelium is absent. The neighboring alveoli show metaplasia of 
their lining cells wherever the cicatrix extends into the lung parenchyma. 

Section of the scar at the hilum of the left lung also includes several 
branches of the pulmonary artery and the bronchus. Most of the vessels 
show round-cell infiltration of their walls. In one there has been a 
complete occlusion of the lumen with secondary canalization. The walls 
of the bronchi are also infiltrated with round cells. Surrounding these 
structures there is an extensive hyaline scar tissue in which numerous 
fod of round cells occur. Many of the smaller vessels in the scar are 
completely occluded by intimal proliferation. 

Other sections of the lung show typical lobar pneumonia, complicated by 
small abscesses and early organization. Over large areas connective-tissue 
plugs fill alveoli 
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Bpleen.'-The capsule, trabeculs and Malplghian bodies show no change. 
The blood slnuees are greatly overflUed; their basement membrane Is 
thick and hyalinized; their endothelial lining cells are swollen. 

Well of AneuryMm of Splenic Artery.^The iniima U converted into a 
hyaline mass in tohich only a few pale nuclei are ieen. The media i$ 
broken }>y scotm, rich in round cells. The adventitia ii markedly thickened 
^y partly hyalinixed $car infiltrated with smaU m^ononuclear celU which 
frequently occur in dense masses. The lumen of the vessel is filled with 
a partly hyalinized thrombus. 

The liver shows chronic passive congesticm. Section through one of the 
scars presents the usual deformity around a mass of hyaline fibrous tissue. 

The pancreas is negative. 

The kidneys show chronic passive congestion. A section through the 
entire anterior half of the right kidney to include the mass in its pelvis 
presents a large area of hyaline fibrous tissue, inseparable from a greatly 
th^kened aiuf similar appearing capsule, with a periphery of very cellular 
scar tissue, rich in round cells. Renal tubules and glomeruli occur in the 
scar but present various stages of atrophy and fibrosis. 

Testicle.^The tunica albuginea is greatly thickened and diffusely infiU 
trated with round cells. The membrana propria of the seminiferous tubules 
is increased in width. The intertubular connective tissue is increased and 
infiltrated with round cells; there is also some atrophy of the tubules. 

The prostate is negative. 

Thyroid. — ^The acini are distended with colloid and their epithelial lining 
cells are low. 

Case II.— F. C, a colored male, aged 56 years, was admitted to the 
Medical Clinic ot The Jdbns Hopkins Hospital in the service of Dr. L. F. 
Barker, on June 8, 1912. 

His complaint was " shortness of breath." 

He had had the usual diseases ot infancy and childhood and at the age 
of 21 " lock-jaw " after an injury to a finger. At this time also he had an 
eruption on his back. There is no history of any venereal disease. 

For six or seven years previously the patient had noticed that his feet 
were somewhat Sweden at the end of the day. In the last two years he 
had frequently been compelled to discontinue work on account of general 
muscular soreness and backache. Shortness ot breath had dev^oped about 
a year before admission and had n^^idly beccmie worse. Then the feet 
and abdomen had become swollen and later cough, polyuria and nycturia 
had all helped to completely incapacitate hiuL 

On admission the patient had marked orthopnoea; cyanosis of the head 
and neck; moderate general glandular enlargement and r&les throughout 
both sides of the chest The heart sounds were distant, blurred and 
irregular. The abdomen was distended with ascites and the legs were 
slightly edematous. The abdomen was repeatedly Upped but the ascites 
recurred. The cardiac conditioQ did not improve and the patient died 
with evidences of decompensation. The Wassermann test, perf (urmed on 
June 6 and June 26 reflectively, was negative on both occasions. The 
autopsy was performed 19 hours after death. 
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Autapetf No. 976S.— Anatomical DiagnoiU, Cirrh09U of Ikoth Wnge; 
flbrou9 pleurisy; miHanf gummata or tubercles of the liver; mesarteritie 
of the pulmonary artery; aneurysm of the right main branch with partial 
thrombotic occlusion of sac and vessel; dilatation and hypertrophy of the 
right ventricle; chronic passive congestion of the viscera; ascites; edema 
of the extremities. 

The body is that of a fairly well nourished ci^ored male, 162 cm. long. 
The pupils are equal and measure 4 mm. in diameter. The abdcmien is 
distended and the external genitalia and legs are edematous. 

The abd(»ninal cavity contains a large amount of opalescent greenish- 
yellow fluid. The serous surfaces are evenrwhere smooth and glistening. 
On the parietal peritoneum there are a few small translucent greyish 
nodules several millimeters in diameter. The liver is enlarged and extends 
a flngerbreadth below the costal margin in the mammillary line. 

The pleural cavities are partly obliterated by old fibrous adhesions. On 
the right there is a small amount of fluid similar to that found in the 
abdominal cavity. On the left, where the adhesions are not so marked, 
the fluid is more abundant (one liter). 

The pericardial sac contains about 500 c c of dear yellowish fluid. The 
pericardial surfaces are smooth and glistening. 

Heart. — The heart weighs 520 gm. Both the right auricle and ventricle 
are markedly enlarged. The epicardial surfaces are smooth and glistening 
and the fat is abundant The wall of the right auricle is thickened, the 
cavity dilated; the triscupid ring measures about 15 cul; the valves are 
slightly thickened at the insertion of the chord®. The right ventricle is 
greatly dilated and hypertrophied; its wall measures 8 mm. in thickness. 
The pulmonary valves are delicate, the pulmonary artery is considerably 
widened; at the orifice it measures 8.5 cm. in circumference and this 
increases to 10 cm. in the main stem. The waXl of the pulmonary artery 
is thickened and inelastic and the i/ntimal surface has an appearance 
similar to that in an extensive syphilitic mesaortitis. Between the con- 
tractures, which may be linear or irregularly round or oval, the intima is 
thickened and more translucent than normal. There is a marked absence 
of yellow ulcerated or calcified plaques. Two of the above contractures 
bulge outwardly distinctly. These are located just a short distance above 
the ptUm^mary vdlve. Section through such a scar shows the intima and 
adventitia bound together by a silvery grey or reddish band, replacing tJie 
media. On the posterior wall of the right branch of the pulmonary artery 
is a laminated thrombus, which narrows the lumen of the vessel consider- 
ahly. A section through the center of this thrombus shows that it arises 
in a small saccular dilatation of the vessel wall about ft cm. in diameter 
in which the coats of the vessels are no longer to be made out distinctly. 
The aneurysmal sac presses directly upon the trachea but has not eroded 
into it. The lymph glands at the bifurcation and in contact with the 
pulmonary artery are enlarged and soft One of them, somewhat more 
de^ly pigmented than the remainder^ ccmtains a small flbrocaseous mass 
in its center, which stands out distinctly upon the black background as a 
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chalky white area. The periarterial and peribronchial fibrous tissue in 
the anterior mediastinnm is in general much more dense than normal. 
This is particularly true around the pulmonary artery and its branches. 
The left auricle is normal in size and general appearance as is also the 
mitral yalve and the left ventricle. The mitral ring measures 10 Vi cm. 
The aortic valves are delicate as is also the base of the aorta and coronary 
artery. The wall of the left ventricle measures only 1 cm. in thickness. 

Lungs, — ^The right lung is removed with a great deal of difficulty on 
account of the dense adhesions between the two pleural layers. The lung 
is small. The hilic structures do not present any marked abnormalities. 
The pulmonary arteries show some slight changes characterized by alter- 
nating yellowish and more translucent, greyish areas. On section numerous 
linear or irregular black scars may be seen throughout the lung tissue. 
Between such scars the lung tissue is pale brownish pink and air-containing. 
The bronchi are drawn together. The bronchioles everywhere are slightly 
dilated and their mucous membrane is congested. 

The pleural adhesions are not so extensive on the left and the lung is 
much more v<4uminous; otherwise it resembles the right in almost every 
respect At the hilus the pulmonary artery is greatly dilated and shows 
an irregularly thickened and scarred surface similar to that described in 
the larger branches of the vessel. Many of the branches of the pulmonary 
artery within the lung contain small thrombi, which are still friable and 
only occasionally adherent to the vessel wall. 

The spleen weighs 260 gm. and measures 13x7.5x4.5 cm. Its capsule 
is irregularly thickened, yellowish or bluish gray in appearance. It retains 
its shape after removal and has a rubber-like consistence. On section 
the fibrous trabecule are quite prominent, as are also the blood-vessels. 
There is very little excess of splenic pulp and the Malpighian bodies are 
inconspicuous. 

Stomach. — ^The mucosa is everywhere edematous and congested; it 
shows a few small polypoid thickenings. The duodenal mucosa has a 
similar appearance, but is covered with a bile-stained mucus. 

The bile and pancreatic ducts empty together about 8 cm. from the 
pylorus of the stomach and are patent throughout. 

The pancreas is normal in size and appearance. 

The liver weighs 1750 gm. and measures 24 x 17 x 6 cm. It has a purplish 
color, which, however, becomes reddish brown as soon as the organ is 
removed and sectioned. On section the lobules seem enlarged; the peri- 
portal tissue stands out prominently on account of its yellowish color, 
while the tissue about the central veins is often of a deep black color and 
markedly depressed. 

The adrenals are normal macroscopically. 

The kidneys weigh 375 gm. The left kidney measures 13 x 5.5 x 4.5 cm. 
The capsule strips readily leaving a smooth pale, purplish-brown surface 
on which a few small cysts may be made out On section the cortex of the 
kidney measures about 6 nmi. in thickness; the striations are very distinct, 
the blood-vessels are everywhere congested and the glcHneruli are much 
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enlarged and stand out as translucent cherry-red dots. The pyramids are 
very much more congested than the cortex; the pelvis Is normal. 

The right kidney resembles the left in every respect 

Pelvic Organs, — ^The urinary bladder is small. Its mucosa is slightly 
edematous but pale pinkish in color. The urethra, prostate and testes 
show nothing abnormal macroscopically. 

Neck Organs. — ^At the base of the tongue the papilla are slightly less 
prominent than normal and near the epiglottis the tongue has a quite 
smooth surface. The es<9hagus is pale and shows nothing abnormal. The 
larynx and pharynx appear normal. 

The aorta is quite elastic throughout Aside from a very few small 
yellowish atheromatous elevations it appears normal. 

Intestines. — ^The mucosa is congested; otherwise the intestines show 
nothing abnormal. 

Microscopical Notes. — Sections of the pulmonary artery shoto a picture 
which is exactly similar to that described for syphilitic aortitis. There is 
a dense inflammation of the adventitia characterized J>y the new formation 
of vascular fibrous tissue very rich in mononuclear cells. This inflamma- 
tory process of the adventitia extends into and replaces the media. The 
intima overlying such areas may be greatly thickened and hyaiine. In the 
adventitia particularly, but also in the medico occasional zones of hyaline 
necrosis surrounded by epithelioid and round cells occur. These resemble 
large fibrous tubercles. The inflammatory ma«« binds the pulmonary 
artery quite closely to the trachea and other structures with which it comes 
in contact. 

The lungs are densely scarred so that in some areas the alveoli are 
entirely replaced by hyaline fibrous tissue often infiltrated with round cells. 
In such zones the bronchi are dilated; the bloodvessels are engorged and 
their walls thickened, but in none of the sections do the vessels show a 
specific process similar to that described in the main stem of the pulmonary 
artery. 

The pleural surface is very much thickened and composed of a dense mass 
of hyaline fibrous tissue. 

Examination of many sections of the lung shows here and there a con- 
centric mass of hyaline tissue more or less densely infiltrated vrith pig- 
ment 

Liver.— One miliary nodule composed of a central giant cell and surround- 
ing epithelioid and round cells is found. 

The other organs only show chronic passive congestion. 

The fibrocaseous peribronchial lymph glands show no tubercle bacilli. 

Discussion. — In both of these cases, although many sections were 
examined, silver impregnation for the spirocheta pallida was negative. 
In the second case, many suggestive coiled strands were found, but 
these were always associated with similar coarser ones that were 
undoubtedly elastic fibers. In no instance did the section include a 
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caseous nodule^ where the likelihood of demonstrating the organism 
is maximal. 

On the other hand, sections of the pulmonary artery in both cases 
showed typical mesarteritis which, in the second especially, was very 
pronounced. In both, besides the round-cell infiltration about the vasa 
vasorum and throughout the thickened adventitia, besides the inter- 
ruption of the media by hyaline or cellular granulation tissue, besides 
the thickened hyaline intima, there were small, caseous nodules, sur- 
rounded by epithelioid and round cells in the wall of the vesseL 

Such a lesion in the aorta is at present considered to be pathogno- 
monic of syphilis. 

In the first case, the assumption that the process was brought about 
by the virus of syphilis is strengthened by the very extensive similar 
involvement of the aorta. Here the lesion aflEected not only the thoracic 
carta, but extended through its abdominal portion, where it was asso- 
ciated with numerous small aneurysms, into the iliac and femoral 
arteries. In the latter vessel an aneurysm had also resulted. A similar 
change in the wall of the splenic artery with aneurysm was found. 

It is interesting that the extensive involvement of the aorta and 
pulmonary artery was not associated with any symptoms and that the 
patient entered the hospital to seek relief from the femoral aneurysm. 

It is needless to say that such extensive vascular disease is very rare. 
In one instance of pulmonary mesarteritis recorded by Westenhoffer, 
there was a similar change of the aorta as far as the origin of the 
superior mesenteric, the great vessels of the neck and both subclavians, 
one of which was totally occluded. 

In the first case, the etiology of the lesion of the pulmonary artery is 
practically established by the positive history, the scars of the liver, 
the fibrous orchitis and the positive Wassermann reaction. 

In the second case, the history, negative for syphilis, the Wasser- 
mann twice negative, all make the determination of the etiology of 
the lesion of the pulmonary artery more difficult. 

The anatomical characteristics of mesarteritis may not be sufficient 
to preclude other etiological agents besides the spirocheta pallida. It 
is natural, therefore, that the presence of a fibro-caseous nodule in a 
bronchial lymph gland and a fibrous pleurisy suggested the possibility 
that these, as well as the changes in the pulmonary artery and the 
atypical cirrhosis of the lung might be tuberculous. A search for 
tubercle bacilli throughout all of the tissues was vain. 
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The changes in the lung were those that are considered to be brought 
about most probably by the virus of syphilis.* A similar involvement 
of the lung occurred in the first case^ as well as in a large proportion 
of the cases above cited from the literature (Hanford^ Wagner and 
QuiatkowsM^ Brooks, Barth, etc.). This peculiar pulmonary fibrosis, 
which is most marked at the hilus, and extends through the lungs as 
fingerlike projections along the course of the larger vessels and bronchi, 
is rare. Its frequent association with another rare lesion, pulmonary 
mesarteritis, also supposed to be caused by syphilis, strengthBns the 
presumptive evidence in favor of this etiology. 

Furthermore, the papillae at the base of the tongue in this case were 
partly obliterated and its surface was more smooth than normal, 
another lesion often interpreted as the result of syphilis. Finally, 
there was a miliary tubercle or gumma in the liver. 

In the second case, the right branch of the pulmona:^ artery was 
the seat of a small aneurysm, very similar to the one in Barth^s case 
cited above. It would lead too far to discuss aneurysm of the pul- 
monary artery here. Henschen has recently collected a large number 
of cases, and in his review of the subject he concludes that the two most 
important etiological factors in the production of aneurysm of the pul- 
monary artery are anomalies, such as patent ductus arteriosus, which 
increases the tension in the stem of the pulmonary artery, and syphilis. 
Henschen himself admits that there is not a sufficient anatomical basis 
to conclude that syphilis is the cause of the associated change in the 
vessel wall in the majority of instances. 

In his own case, however, the aneurysm was undoubtedly super- 
imposed upon a mesarteritis. 

Conclusions. 

Mesarteritis, so frequent in the thoracic aorta, occurs rarely in the 
pulmonary artery and other large vessels. 

Although the evidence is not so conclusive here as in the aorta, the 
lesion is most probably caused by the virus of syphilis. 

Qummata are not infrequent accompaniments of the medial and 
adventitial scars in the pulmonary artery and may occur without the 
latter. 

* It must be borne in mind tbat so far no conclusive anaUoiical evidence 
of the specifle nature of pulmonary syphilis in the adult has been forth- 
coming. 
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Aneurysm formation often complicates the mesarteritis in any of 
these larger vessels. 

The lesions in the pulmonary artery may occur alone, or be only 
part of a widespread vascular disease. 

A fibrosis of the lung, most marked at the hilus, in itself a rare 
lesion, occurs in a large percentage of the cases of pulmonary mes- 
arteritis. 
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Fig. 2. — Case I. Pulmonary artery. H.&E. stain. (X 50.) Shows scar 
tissue in the media, retraction of the intima and perivascular small-round- 
cell infiltration of the adventitia. 



Fig. 3. — Same field as Figure 2. Elastic stain -f carmine. (X 50.) 
Shows degeneration of the elastic fibers of the media in the region of the 
scar tissue. 
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Fio. 4.— Media of Figure 2. A higher power. (X 224.) 
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Fig. 5. — Case II. Gross specimen. No. 3763. 
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Fig. 6. — Case II. Pulmonary artery. H. & E. stain. (X 25.) Shows scar 
tissue and focal necrosis in the media, retraction of the intima and small- 
round-cell infiltration about the vessels of the adventitia. 



Fig. 7.— Same field as Figure 6. Elastic stain -f- carmine. (X 25.) Shows 
broken elastic fibers in the scarred area of the media. 
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Fig. 8.— Media of Figure 6. Higher power. (X 77.) 



Fig. 9.— Media of Figure 7. Higher power. (X 66.) 
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Fig. 10. — Media adjacent to field shown In Figure 6. A higher power. 
(X 45.) Shows scar tissue below and two foci of necrosis with nuclear frag- 
mentation and a zone of epithelioid and small round cells above. 



Fig. 11. — One of the foci of necrosis of Figure 10. 
higher power. (X 158.) 
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Fio. 13.— Case II. Miliary nodule of liver. H. & E. stain. 
(X 306.) Shows epithelioid cells and small round cells with 
early central degeneration. 
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A CLINICAL AXD PATHOLOGICAL STUDY OF TWO CASES 

OF MILIARY TUBERCLES OF THE CHOROID.* 

By ROBERT L. RANDOLPH, M. D., and H. C. SCHMEISSER, M. D. 

(From the Departments of Pediatrics and of Pathology, The Johns 
Hopkins University, Baltimore, Md.) 

Jaeger,' in 1855, first described ophthalmoseopieally a choroidal 
tubercle f and his observations were confirmed by von Graefe and 
Leber/ The earlier ophthalmologists, however, insisted that ophthal- 
moscopic changes in tuberculous meningitis were rare, and it is with 
no little interest and surprise that one reads the comparatively recent 
observations of Carpenter and Stephenson,' who claimed to have found 
choroidal tubercles in 50 per cent of their cases. Following close upon 
their communication, we find the work of Marple * in the Babies' Hos- 
pital, X. Y., who concludes that in tuberculous meningitis choroidal 
miliary tubercles are the rule (100 per cent in 13 cases), a statement 
made at the Ophthalmological Congress in Oxford in 1912. And yet, 
in contradiction to Marple, we find Heinzel * with negative findings 
in 41 cases of tuberculous meningitis which he examined. We have, 
then, in these latter days, in opposition to the rather conservative 
statements of the earlier ophthalmologists, the figures of Carpenter and 
Stephenson, and of Marple, who place the percentage at from 50 
per cent to 100 per cent. These more recent figures are based upon 
frequent examinations, a fact that indicates how often the changes 
were overlooked in olden times, when one routine examination was 
made and often nothing was found. The eye-grounds were not sub- 
jected to further examination, and the case was recorded as negative, 
so far as tubercles in the choroid were concerned. It should be remem- 
bered that the tubercles are usually seen among the terminal events in 
the history of the case, and ophthalmoscopic examinations should be 
made frequently. ^larple mentions a case in which an ophthalmo- 
scopic examination made at 6 p. m. disclosed fundi entirely free of 
tubercles, but at 10 p. m. a tubercle was found, this having developed 

* Read before the American Ophthalmological Society, Congress of Amer- 
ican Physicians and Surgeons, Washington, May 10, 1916. 
t Whether it was miliary or not has since been questioned. 
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in the interval. The introduction of the electric ophthalmoscope 
makes examinations of this character much easier. Xot only is the 
fundus seen perfectly, hut the «:reat difficulty in conducting success- 
fully an examination of this character in the case of a hahy is reduced 
to almost a minimum, since we possess a hrilliant, steady, and uniform 
illumination. It is certainly easy to overlook chancres of this nature 
when usiuii: an ordinary non-electric ophthalmoscope, an examination 
with which often presents great difficulties. 

In the first case, the tuhercles, three in numher, were found in the 
right eye above the disc, and at an angle of 120 degrees from the 
vertical meridian; in the left eye there was a tubercle above, one below, 
and one to the nasal side of the disc. In the second case there was a 
tubercle in the right eye above the disc and one far out to the temporal 
side. What was seen in the left eye could not be regarded positively 
as a tubercle. It might be well to state here that it is important to 
make an examination of both eyes, for the tubercles often occur in one 
eye and not in the other. It is not necessar}- to describe them ophthal- 
moscopically, as their appearance is sufficiently familiar to us all. 

What is particularly striking in connection with this subject is, 
first, the necessity of using the electric ophthalmoscope, and, second, 
the importance of frequent examinations, at least twice daily. A 
cycloplegic should always be used. These conclusions may be equally 
well applied to the examinations of the eye-grounds in cases of 
Bright's disease. Statistics based upon infrequent examinations may 
be regarded as more or less unreliable, and as giving an inaccurate 
idea of the frequency of ophthalmoscopic changes in nephritis. The 
same rule might be adopted not only in Bright's disease, but in the 
various blood diseases, as, for instance, pernicious anemia. In both 
of these diseases w^e are in the habit of making a routine ophthalmo- 
scoi)ic examination when the patients are first seen. We are less apt 
to repeat the examination unless subjective symptoms, such as dim- 
ness of sight, should develop and call our attention to the possibility 
of ophthalmoscopic changes having suddenly appeared since the first 
examination. 

Case I. — D. Z., aged two years. The father died of tuberculosis, with 
hemorrhage, when the patient was sixteen months old. The mother is 
living and in excellent health. She has never had any miscarriages. The 
child at birth weighed nine pounds and was fed at the breast until she was 
18 months old, when she began to eat at the table with the rest of the 
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family. She has never been sick In bed, but has had pertussis. She became 
sleepy and cross, and not long afterward began to vomit, and did this 
whenever she was moved. She had no appetite and was constipated. 
The temperature was 99.4" F., the pulse 100, and the respirations 24. She 
lay in bed and rarely moved unless disturbed, with lids half shut and 
mouth wide open, breathing slowly, with periods of apnoea. She shunned 
the light and was very irritable. There was no general glandular enlarge- 
ment. The neck was somewhat rigid. A few days later the spinal fluid 
showed a film on standing, and the eye-grounds began to show blurring 
of the edge of the disc; four days later tubercles were discovered in the 
eye-grounds. 

Case II. — D. C, aged four months. The child was born at full term 
and had been free of illness until the present one. The onset was char- 
acterized by fever and cough. She cried a great deal and slept very little. 
The temperature was 102° R, and the respirations 84. She lay on the table 
with a distant expression, the hands tightly clenched, and the legs flexed. 
The reflexes were slightly exaggerated, and there were numerous tubercu- 
lides all over the body. The tubercles were found in the choroid at the 
first examination. 

Pathological Examination. 

Autopsy of these two eases revealed the following : 

Case I. — General miliary tuberculosis with acute tuberculous men- 
ingitis. The portal of entry of the organism was most pro])ably 
through the alimentar}^ canal, where ulcers were found. The tubercles 
were widely scattered through the body, being present in the mesen- 
teric and pulmonary lymph glands, lungs, pleura, endocardium, spleen 
and its capsule, liver and its capsule, and last, and most important, 
in the choroid membrane of both eyes. 

On opening the right eye (Fig. 1) there w^as nothing abnormal 
noticed until the retina was removed, then one could see a num])er of 
just visible, slightly larger than pin-points, bluish-white, translucent 
nodules projecting from the black surface of the choroid. Taking the 
macula lutea as the posterior pole, two of these miliary tul)ercles were 
located in the upper temporal quadrant, and a third in the upper nasal 
quadrant. Several more were seen with a magnifying glass, but their 
exact position was not noted. 

In the left eye, again after the removal of the retina, there were seen 
in the upper nasal quadrant two, and in the lower temporal quadrant 
one miliary tubercle rising from the choroid. They were very similar 
in size, shape, and appearance to those of the right eye. 
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Of the left eye, a eareful microscopic examination was made (Figs. 
3 and 4). A section taken perpendicular to the surface, through the 
choroid and sclera, to include one of the small l)luish-white nodules, 
presented the following picture: To one side of the section was seen 
the thick sclera, composed of rather coarse strands of wavy fihrous 



Fig. 1. — Right eye-ground of Case I. (X 5.) The retina has been 
removed except for a small piece still attached to the optic disc. The 
macula lutea corresponds to the dark central area and was taken 
as the posterior pole. In the upper temporal quadrant, projecting 
from the choroid, are two miliary tubercles. In the upper nasal 
quadrant, there is a third. 

tissue with scattered, deeply staining, spindle-shaped nuclei. Only 
one or two hlood-vessels were present. Joining the sclera was the 
choroid, a memhrane of only about one-tenth the thickness of the 
former, and composed of loose cellular ccmnective tissue witli large 
pale nuclei and many blood-vessels. The fine brown pigment granules 
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were found principally in the cells along the inner margin and in a 
single row of cuboidal cells — the retained layer of pigment cells of the 
retina. Limited to the choroid was a single miliary tubercle, showing 
the characteristic structure and constituent elements. In its center 
was a typical giant cell, surrounded by epithelioid cells with a periph- 
eral zone of lymphoid cells. There was no caseation. 



Fig. 2. — Right eye-ground of Case II. (X 5.) A small piece of 
the retina was left attached to the optic disc. The central dark spot 
locates the macula lutea, which was used as the posterior pole. In 
the upper nasal quadrant is seen a miliary tubercle. A second 
smaller one is located in the periphery of the upper temporal 
quadrant. 

Stained sections showed tubercle bacilli in moderate number within 
the tubercle. 

Case II. — General miliary tuberculosis without meningitis. The 
portal of entry was not definitely determined, but was thought to be 
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through the lungs. ' The tubercles were found widely disseminated 
through the body, even involving the skin. They were present in the 
choroid of the right eye, but could not be demonstrated in the left. 

The retina of the right eye (Fig. 2) did not appear to be implicated, 
and no tubercles could be seen in it; but after removal of the retina 



Fig. 3. — Miliary tubercle of left eye of Case I. (X 45.) Below is the sclera and 
above the vascular and pigmented choroid. The tubercle is limited to the latter. 
It shows a typical giant cell, epithelioid and small round cells, with the character- 
istic grouping. 

two small, grey nodules were found in tlie choroid. In shape and 
appearance they were similar to those of the first case, except that they 
stood out in stronger relief from the somewhat darker choroid of the 
negro infant, but in size the one was almost 1 mm. in diameter, the 
other one just visible. The first was located in the upper nasal quad- 
rant, slightly above the optic disc; the second in the periphery of the 
upper temporal quadrant. 

The literature of miliarv tubercles of the choroid shows that the 
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first case described both macroscopically and microscopically was by 
Manz * in 1858.* Five years later, the same writer ' added two more 
cases. His findings were soon confirmed by Busch," who contributed 
the fourth case. The following year Cohnheim " published seven cases 
that he had observed during the previous winter, thus taking this 



Fig. 4. — Same as Figure 3, a higher power. (X 152.) The different elements of the 
tubercle can be more easily recognized. 

lesion out of the realm of pathological curiosities. Nevertlieless, it 
can hardly be said that the literature is overrun with pathologic data 
on this subject. Isolated cases were reported, until Litten/" in 187 T, 
tells us that he found choroidal tul:)ercles post mortem in 39 out of 
52 Ciises of acute miliary tuberculosis. Since then, the purely patho- 
logical literature has not been so abundant as might be expected. 

♦ Jaeger in 1855 examined the choroidal nodules in his case anatomically 
and pronounced them tubercles, but it has since been doubted whether they 
were miliary tubercles. 
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Most of the cases of miliary tubercles of tlie choroid have occurred 
in cases of general miliary tuberculosis with or without tuberculous 
meningitis. Nevertheless, it is well known that they may be found, 
but not so frequently, in practically any type of tuberculosis with a 
primary lesion almost anywhere in the body. 

COXCLUSIOX. 

The two cases of miliary tubercles of the choroid reported above are 
of interest because : 

1. In the one case, we are dealing with general miliary tuberculosis 
with acute tuberculous meningitis; in the other, with general miliary 
tuberculosis without meningitis. 

2. The miliary choroidal tubercles were demonstrated during life 
and verified at autopsy both grossly and microscopically. The tubercle 
bacillus was demonstrated in the lesion. 
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THE BLOOD-VESSELS OP THE HEABT VALVES. 

By STANHOPE BAYNE-JONE8, M. D. 

(From the Pathologicai Department, The Johns Hopkins University 

Medical School, Baltifnore, Md, Aided by a grant from the 

Rockefeller Institute for Medical Research.) 

The interest of pathologists in the study of the process of bacterial 
disease of the heart valves has stimulated many contributions to the 
knowledge of anatomy of these structures. It is important for the 
pathologist to know whether bacteria become localized in the heart 
valves by mechanical adherence to their surfaces or by lodgment within 
the tissue of the valve. The latter view, which served as the basis for 
Koster^s* theory of "Embolic Endocarditis/' is founded upon the 
supposition that there are blood-vessels within the valves. Anatomical 
studies to determine whether or not blood-vessels are present in normal 
heart valves have led to such various findings that the subject has been 
a matter of prolonged controversy. During the past, however, there 
has been gathered enough positive evidence of vascularity of the valves 
of the heart to outweigh the negative results of investigators who have 
failed to find these vessels. The studies to be reported in this paper 
confirm the work of those who have described the blood supply of the 
heart valves, and in addition provide histological details of the vascular 
arrangement not hitherto noted. 

Historical. 

The following critical review of the important writings on the sub- 
ject of the vascularity of the heart valves indicates the development 
of the controversy : 

Luschka ' was the first pathological anatomist to state that blood- 
vessels occur in the heart valves. Li 1852 he published an article 
illustrated with pictures of valves after injection of the blood-vessels 
of normal hearts. Luschka found a network of vessels in the broad 
part of the valve with small vessels running to the line of closure, and 
a few vessels in the lower portions of the chordse tendineee. In the 1863 
edition of his " Anatomic,'' * Luschka states that blood-vessels are pres- 
ent in the semilunar as well as in the auriculo-ventricular valves ol tii?h" 
14 ^ 
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heart, and he illustrates this chapter with drawings from injected 
specimens of normal valves. He describes both arteries and veins in 
the valves, and suggests that endocarditis may be related to the pres- 
ence of these vessels. He noted that it was easiest to find vessels in the 
aortic leaflet of the mitral valve, and correlated this finding with the 
great frequency of endocarditic lesions on this part of the valve. 
Luschka's drawings, however, do not show the details of the relation- 
ship between the various vessels, and they are incorrect in that they 
indicate that the capillaries end blindly in the valves. As will be 
shown later, there are definite vascular anastomoses here and a char- 
acteristic capillary bed. It is probable that Luschka's injection mass 
did not penetrate sufficiently far. 

After Luschka^s clear presentation of the subject, Joseph* imme- 
diately disputed the idea that blood-vessels are present in the valves. 
Since then the controversy has continued. The difficulty in demon- 
strating the presence of these vessels seems to have been the chief 
grounds for the criticism of Luschka^s findings. It is obvious that 
Joseph did not inject the valves as Luschka did. By some prescience, 
the source of which cannot be deduced from the writings of Luschka, 
many authors decided that the valves studied by him were abnormal. 

Among the influential opponents of Luschka were Coen* and 
Langer.* These authors found that the atrioventricular valves were 
partially vascularized, while normal semilunar valves never contained 
blood-vessels. Langer associated the presence of vessels in the atrio- 
ventricular valves with the occurrence of fibers of smooth muscle. By 
making this correlation, he announced a doctrine which has been 
invoked frequently since. Practically all subsequent studies have 
shown that the blood-vessels are fairly abundant wherever there are 
muscle fibers in the valves. These are supposed to be confined to the 
basal third of the valve, and it is probably the rule that in the adult 
these structures are limited to this region. Numerous studies of 
the musculature of the valve have been made. In Tandler^s * recent 
"Anatomic des Herzens,^' the situation is summed up as follows: 

Corresponding to their developmental process, the atrioventricular 
valves of the embryo contain a considerable amount of muscle and a cor- 
responding number of blood-vessels. This musculature bears a close 
relationship to the auricular musculature, so that in fetal hearts and those 
of 70ung children vessels are seen extending as far as this musculature. 
Ri the fetal heart and in the young heart, vessels extend from the papillary 
mvrscles to the chord® tendine» and along through to the valve. The 
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vessels diminish along with the muscle fibers of the chord® and valves. 
The semilunar valves, which are almost devoid of muscle, are also prac- 
tically devoid of vessels. When islands of muscle tissue remain in the 
thin portions of valves, delicate blood vessels can be shown to be 
present here. 

In 1903, Koniger* published an elaborate monograph on endocar- 
ditis. His studies of the normal anatomy are mostly literary, as he 
admits, on page 23, that he has not attempted to inject normal heart 
valves. He grants the vascularity of fetal valves and acknowledges 
that hematomata and hemangiomata are found at times in the normal 
valves of the new-bom and young. Se attributes these conditions to 
vascular rests in the valves, and accepts Langer^s position on the 
absence of blood-vessels in adult valves. 

The more recent studies of Nussbaum* are more convincing. He 
succeeded in finding blood-vessels in the atrioventricular valves of new- 
bom, child and adult. His Figure II on page 466 is a sketch of the 
vascular network in the membranous portion of a mitral valve. He 
was not able, however, to inject vessels in the semilunar valves or 
chordae tendineae. 

The experimental endocarditis produced by Rosenow" by intra- 
venous injections of bacteria gives a pathological corroboration to the 
findings of the anatomists who have demonstrated heart-valve vessels. 
After the injection of streptococci, pneumococci and Staphylococcus 
albus into rabbits, Bosenow found subendothelial clumps of bacteria in 
the heart valves, with hemorrhages within the structure of the valve. 
Bosenow thinks that the localization of^ bacteria in the valve must 
depend upon the presence of small blood-vessels there, which become 
embolized by clumps of bacteria. 

The most recent sunmiary of the controversy has been placed by 
MacGallum " in his *' Text-Book of Pathology.'* His own studies of 
the subject make him take position with Langer — limiting the vessels 
to the basal third of the atrioventricular valves. MacGallum states: 
" A very complete injection of the dog's heart can be made by clamping 
the aorta and injecting India ink into the carotid before the heart stops 
beating.'' My experience has been that the heart of the dog is not 
good material to use for such a study, and that an injection mass 
pushed by the pressure of a failing heart-beat has entirely too slight 
a force to penetrate the vessels of the heart valves. Proper pressure, a 
suitable injection mass and the study of cleared specimens are th^- 
factors to which I attribute the findings to be recorded here. 
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Experimental Studies. 

The method of demonstrating the blood-vessels in the heart valves 
was based upon the injection of a solution of carmin gelatin into the 
coronary arteries. In some cases, as Dr. M. C. Wintemitz has pointed 
out, vessels are visible in the valves of hearts opened at autopsy. It is 
a relatively simple matter to insert a capillary glass pipette into these 
vessels and to inject their fine ramifications with India ink. In this 
way, however, lymphatics are not distinguishable from blood-vessels. 
Injections through the coronary arteries, on the other hand, give 
unequivocal evidence of the type of vessel thus filled with the colored 
mass. 

The carmin gelatin used in these injections was prepared as follows : 

Oelatin, — A 15 per cent solution of gelatin ("Gold Label'') was 
made by slowly dissolving the requisite amount of gelatin in distilled 
water over a steam bath. When this was thoroughly dissolved, it was 
filtered several times through double thicknesses of cheese-cloth. 

Carmin (Griibler's preferred). — SuflBcient carmin to make a 1.5 
per cent solution, when added to the gelatin solution, was pulverized 
in a mortar, enough water being then added to make a thick paste. 
The carmin was then dissolved in ammonium hydroxide of known 
strength. The ammoniacal solution of carmin was then quickly poured 
into the warm solution of gelatin and thoroughly stirred. To this 
mixture was added slightly less than the calculated amount of acetic 
acid required to neutralize the ammonium hydroxide. The color of 
the carmin gelatin should be dark red, almost like the color of venous 
blood. A light red color indicates that too much acid is present, and 
the carmin will be found in small granules when a drop of the fluid is 
examined under the microscope. If the mass is slightly alkaline, the 
dye will diffuse through the injected tissues. The final adjustment of 
the reaction of the mixture was made from data obtained by titrating 
small amounts of it against the solutions of ammonium hydroxide 
and acetic acid. The sweetish odor of the mixture when it is neutral, 
supplanting the acid or ammoniacal odor of the first stages of the 
preparation, was found to be as valuable as any other indicator of the 
optimal reaction of the mixture. When neutral, the mixture was 
filtered through double thicknesses of cheese-cloth. After the addition 
of a few crystals of thymol, the carmin gelatin was stored in flasks 
^nlil needed. To prepare this for use, it was melted on a water-bath, 
aud kept at 45 degrees C. during the injection. 
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The preliminary experiments were performed upon the hearts of 
pigs, one or two years old, obtained from the slaughter house. The 
heart valves and chordae tendineae of these animals have vessels which, 
in microscopic sections, are seen to contain blood cells. With this 
assurance that the heart valves of the pig contain blood-vessels, experi- 
ments were begun with the preconceived notion that it would be a 
simple matter to inject the vessels with carmin gelatin. Many attempts 
were made before the proper conditions were found, and 46 hearts were 
used before a satisfactory injection was obtained. The important 
considerations were the post-mortem rigor of the myocardium, the 
presence of clots of blood or bubbles of air in the small branches of the 
coronary arteries, the blocking of the large blood channels so that the 
injected fluid would pass into the valves, and the pressure required to 
force the gelatin into the small lateral vessels of the annular arteries. 
When these factors were properly arranged for, the blood-vessels of 
the heart valves of the pig could be injected with regularity. 

After these eicperiments, the procedure was as follows: The heart 
was used immediately, if obtained within an hour of the death of the 
animal. If not, it was kept in isotonic salt solution at room temper- 
ature for 24 hours, until the rigor of the muscle became soft and the 
vessels relaxed. The chambers of the heart were washed as free from 
clot as possible, by allowing water to flow through the auricles. The 
coronary sinus was plugged with cotton and tied oflE gently. The cut 
edges of the auricles were then closed with a purse-string suture, and 
the puhnonary artery was tied oflE as high above the valves as possible. 
Small glass cannulse were then passed down the stump of the aorta 
into the orifices of the right and left coronary arteries and tied in 
place by a silk suture passed with a fine needle around these arteries 
near the aorta. Care was exercised then to close all open vessels and 
to cause no new *^ leaks ^* from tissue torn by the sutures. It was found 
to be of great importance to block these wider channels, so that the 
injection mass could be forced into the narrower course of the heart 
valves. By an arrangement with an air-pressure apparatus connected 
with a manometer, the melted carmin gelatin at a constant temper- 
ature of 45 degrees C. was pushed into the coronary vessels under a 
pressure of 140 to 190 mm. Hg., while the heart was kept in a bath of 
salt solution at 50 degrees C. This high pressure appeared to be the 
most important factor in the procedure. Injections at the expected 
coronary blood pressure of 110 to 120 mm. Hg. did not penetrate into 
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the valves. When, however, the higher pressure was applied, many 
more small vessels became filled. The injection was held at tiiis stage 
for half an hour. At the end of this time, while the pressure was 
maintained at 190 mm. Hg., the warm bath surrounding the heart was 
replaced with ice-water. When the gelatin had solidified in the 
coronary arteries, the cannula were disconnected and the heart cut 
open to remove the carmin gelatin collected in the auricles and ven- 
tricles. The opened heart was then placed in 10 per cent formalin to 
harden the gelatin in the small vessels. After 48 hours or longer, the 
valves were dissected, the atrioventricular rings being removed with 
the tricuspid and mitral valves, and strips of the pulmonary artery and 
aorta with the semilunar valves. Vessels could be seen in the upper 
portions of the atrioventricular valves and sometimes in the chordae 
tendineae at this stage. In order to render the whole vascular network 
readily visible, the valves were dehydrated in 95 per cent alcohol, 
cleared in a mixture of 2 parts of oil of wintergreen and 1 part of 
benzol. In valves rendered transparent in this manner, the vessels 
could be studied to greatest advantage with the binocular microscope. 
In the pig, the artioventricular and semilunar valves and the chordae 
tendineae are well supplied with blood-vessels. They differ only in 
numbers from the vessels of the valves of the human heart and will not 
be described here in detail. 

Blood- Vessels op the Valves op the Human Heart. 

AtrioventricvJar Valves. — The human hearts used for these injec- 
tions were carefully selected normal hearts, obtained from autopsies in 
the Pathological Department of The Johns Hopkins Hospital. Pour- 
teen hearts were injected. These were taken from human subjects of 
ttie following ages : 1 to 10 years, six hearts ; 10 to 20 years, two hearts ; 
20 to 30 years, two hearts; 30 to 60 years, four hearts. In some of these, 
only irregular groups of vessels and long, delicate arterioles extending 
to the line of closure of the valves were shown by the injection. In 
three hearts fairly complete injections were obtained. The following 
description is based upon these injections : 

The tricuspid and mitral valves receive arterioles from the annular 
branches of the right and left coronary arteries, as these pass through 
the region of the annulus fibrosus at the atrioventricular junction. 
These small arteries to the valves are not derived from the vessels 
which supply the auricular musculature, but are distinct branches 
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from the annular arteries passing directly into tlie valves. The gen- 
eral distribution of these vessels is shown by Fig. 1, which is a photo- 
graph of the mitral valves of a woman, aged 21, who died after an 



Fig. 1. — Mitral valve from human heart injected with carmin gelatin, showing the 
normal arrangement of vessels in the atrioventricular valves. Photograph of cleared 
specimen, enlarged three times. 

operation for exophthalmic goitre (Autopsy No. 4609). Fig. 2 is a 
drawing of these vessels, made directly from the photograph of the 
specimen. The chief arteries to the valve branch from the annular 
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F*io. 3. — Enlarged photograph of distribution of blood-vessels along the line of closure 

of mitral valve shown in Fig. 1. 
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artery at widely separated intervals. These points of entrance are 
almost directly above the papillary muscles, and the vessels pass down 
the valve in the thickened portion above the insertions of the chordas 
tendinea*. During this downward course, the arteries give off small 
lateral branches which ramify as delicate arterioles in the upper third 
of the membranous portion of the valve. When the thickened area of 
the line of closure of the valve is reached, the arteries undergo multiple 
branching, forming tufts of vessels in this region (Fig. 3). From the 
terminal arterioles many small vessels anastomose, almost forming 
glomerular tufts and loops. In this region the capillaries form 
abundant anastomoses. Only occasional strands of small vessels pass 
from the line of closure to the free margin of the valves. No vessels 
were found passing from the valves to the chordae tendineae. 

In the upper portions of the valves distinct differences between the 
vessels may be seen, differentiating arteries from veins. The arteries 
have irregular edges, with the lumen constricted in some places and 
expanded in others. A definite constriction oc(iurs wherever the artery 
branches. The veins, on the other hand, have a smooth contour, and 
are not so deeply colored by the injection. These features are shown 
in Fig. 4, which is a composite drawing made by ^Ir. Max Brodel, 
representing in a semidiagrammatic manner the completely injected 
regions of several specimens. 

C hordes Tendinece. — In the human heart, the vascularity of these 
structures is slight. The arteries are derived from the branches of the 
descending rami of the coronary arteries which supply the papillary 
muscles. These vessels form a subendothelial plexus around the bases 
of the chorda? tendineae, and from this plexus delicate strands of ves- 
sels can be seen passing up along the chordae tendinete almost to their 
insertions in the valves. Nearly all of these vessels in the chordag lie 
just beneath the endothelium. Some, however, are situated in the 
center of the chordae. 

The chordtT tendinete of the pig's heart have an abundant supply of 
l)lood-vessels. As these have not been previously described, they are 
shown here in the following photograph (Fig. 5). 

Semilunar Valves, — The blood-vessels of the aortic and pulmonary 
valves arise from two sources, one of which is the vasa vasorum of the 
arteries, the other the vessels of the auricular endocardium. Injections 
of the semilunar valves were successful in only three normal hearts. 
The pulmonic were more easily injected than the aortic, from the fact 
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Fio. 4. — Semi-diagrammatic drawing of 
typical areas from several injected specimens 
of valves from human hearts. (By Mr. Max 
Brodel.) 
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Fio. 5. — Photograph of injected blood-vessels in the chordae tendinese of the pig's heart. 

Enlarged eight times. 
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that the insertion of the cannula? into the sinuses of Valsalva com- 
presses the blood-vessels of the aortic valves. A drawing made upon a 
photograph of a specimen of an injected pulmonic valve is shown in 
Fig. 6. In this, the few delicate vessels, which arise from the vasa 
vasorum where the cusps are attached to the wall of the artery and 
penetrate the valve for a short distance along its line of closure, are not 
shown. The vessels going to the valve from the auricular endocardium 
form a hedge-like plexus in the base of the cusp, and from this plexus 
delicate vessels pass upward for a distance of about a half of the extent 
of the valve. No vessels were seen in the thin central portion of the 
valve or in the noduli arantii. 

Sl'MMARY. 

These studies may be summarized as follows : 

1. By the injection of carmin gelatin under a pressure of 160 to 
190 mm. Ilg. into the coronary arteries, blood-vessels are demonstrable 
in the valves of the normal human heart. 

2. The atrioventricular valves receive distinct branches from the 
annular divisions of the coronary arteries. These vessels pass into the 
valves at the thickened regions al)Ove the insertion of the chordae 
tendineaj and ramify chiefly along the line of closure of the valves. 
Arteries, veins and an anastomosing capillary bed are recognizable in 
these locations. 

3. The chordae tendinea? receive a few small arterioles from the ves- 
sels of the papillary muscles. These traverse the chordae tendinea? 
chiefly beneath the endothelium covering these structures. 

4. The semilunar valves receive a definite blood supply from the 
vasa vasorum of the pulmonary artery and aorta, and from the endo- 
cardial vessels of the auricles. 

5. These vessels afford a definite anatomical basis for the conception 
that endocarditis may be embolic in its origin. 
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EQUILIBRIA IN PEECIPITIN REACTIONS. 

THE CO-BXISTENCB OF A SINGLE FREE ANTIGEN AND ITS 
ANTIBODY IN THE SAME SERUM. 

By STANHOPE BAYNE-J0NE8, M. D. 

(From the Laboratory of Bacteriology, College of PhyaicUms and Surgeom, 

Columbia University, New York, Aided by a grant from the 

Rockefeller Institute for Medical Research.) 

The vagueness of the terms of serology connotes the diflBculties with 
which the describers of this new knowledge have had to contend. 
Unable to use simple and definite chemical substances^ and without the 
guidance of any general theory, they have had to employ mass- 
adjectives to describe the reactions of a serum as a whole, and have 
gathered great numbers of observations without any plan for their co- 
ordination. Whenever, therefore, it is possible to rework former experi- 
ments by substituting known factors in place of ^known mixtures, 
that work should be undertaken. Quantitative data will be obtained 
through these studies which will eventually allow serology to find a 
place in either chemistry, physics, or — ^what seems almost self-evident — 
in physical chemistry. The colloidal state of matter has afforded so 
many analogies to the reactions of serology that the terms of 
colloidal-chemistry have already been applied with imcritical facility 
by immunologists to reactions that have not yet been studied with 
quantitative accuracy suflBcient to indicate their true nature. The 
systematic attempt, however, to prove or disprove these colloidal 
analogies in serology will undoubtedly result in a unifying conception 
of the principles of the reactions of immunity. 

The precipitation of protein by specific sera has many analogies with 
colloidal reactions, and this phenomenon lends itself readily to investi- 
gation simplified by the use of at least a single pure substance. 
Zinsser* has repeatedly emphasized the colloidal phases of the pre- 
cipitin reaction, and recently Weil* has reworked the subject, using 
crystallized egg albumin as the antigen. One of the phases of the 
precipitin reaction, which has engaged particular attention, is that 
in which the precipitinogen and precipitin occur simultaneously, but 
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tmunited in the same serum. This is easily demonstrable when whole 
serum or a mixture of proteins is used as the antigen. Weil, however, 
using crystalline egg albumin as the antigen, was unable to demon- 
strate the co-existence of free antigen and antibody in the same serum. 
It is of considerable theoretical importance to confirm this finding. 
The results obtained by Weil are so little in accord with expectations 
based upon chemical or colloidal theories, that it was considered advis- 
able to repeat the experiments on precipitin reactions with crystalline 
egg albumin. The following studies, therefore, were carried out 
under the direction of Dr. Zinsser with some modifications of recent 
work on this reaction. 

Historical Rbview. 

In 1902, Linossier and Lemoine,' Ascoli,* and Eisenberg' noticed 
that when foreign serum was injected into rabbits in large doses the 
sera of these animals contained both antigen and antibody. They used 
whole sera as antigens. To demonstrate the simultaneous presence of 
free precipitable substance and its precipitant in the same serum, frac- 
tions of the serum were tested first for antigen, by adding another 
antiserum, and secondly for precipitin by adding an homologous 
antigen. Oay and Rusk * have described the same phenomena, and by 
showing that the sera do not fix complement, although they contain 
antigen and antibody, they have furnished additional evidence of the 
ununited state of the substances. 

Von Dungern ' confirmed these findings, but explained them accord- 
ing to a different hypothesis. He showed that whole serum consists of 
a number of protein complexes, all of which cause the formation of 
precipitin in the immunized animal. One portion of the protein 
mixture may have more antigenic properties than another, as a result 
of which partial precipitins of various strengths are produced for the 
whole serum. Yon Dungern believed that these complex antigens and 
multiple antibodies reacted irregularly in such a way that while the 
supernatant fluid of a precipitin test would contain free antigens found 
in part in the original serum, together with precipitins capable of 
flocculating the original serum, yet the anti-substances in the super- 
natant fluid were not strictly homologous, and hence would not react 
with each other. His extensive experiments have had great influence 
upon subsequent opinions. He worked, however, entirely with multiple 
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antigens, and f xirnished only inferences and analogies for the precipitin 
reactions with pure proteins. 

At first glance, it would seem as if the experiments in the precipita- 
tion of casein with lactosermn, reported hy P. T. Miiller,* were evidence 
that with purified antigens the phenomenon of Linossier and Lemoine 
did not occur. The supernatant fluids, after his precipitin reactions, 
never contained free antigen along with antibody. His experiments^ 
however, are not relevant to the results of precipitin reactions with 
purified protein. Miiller used whole milk as his ** casein,*' obviously a 
multiple-antigen, and the degrees of dilution used in the tests leave 
such large gaps that the zone in which antigen and antibody co-exist 
imunited might have been overlooked. 

The recent important work on the subject is that reported by Weil " 
in 1916. He confirms all the previous observations on the co-existence 
of free antigen and antibody in the supernatant fluids of precipitin 
tests, when the whole serum, raw egg-white, or any mixed protein is 
used. With purified egg albumin as antigen, the results were entirely 
different. He says : ** If this antigen is mixed in graded proportions 
with the serum of a rabbit inmiunized thereto, and the resulting pre- 
cipitates are removed by centrifugation, the supernatant fluid never 
contains both antigen and antibody; either one is present alone.'* 
The protocols of WeiPs precipitin tests allow him to draw sharp con- 
clusions between the effect of 0.005 c. c. and 0.004 c. c. of the antigen, a 
delicacy of reaction which not all workers have been able to attain. 
The crystalline egg albumin, prepared for him by Coca, was certainly 
as pure as it is possible to obtain this substance. It is not stated 
whether tests for anaphylactic reactions were carried out with this par- 
ticular preparation to determine whether it was thereby free from 
antigen-complexes, which cause reactions in animals sensitized with 
ogg globulin. Weil states, however, that he and Coca * found that ** if 
albumin and egg globulin were separated by chemical means, and 
different rabbits were immimized to each substance, the resulting 
immune sera reacted powerfully with its own antigen and very weakly 
with the other antigen.'* This anaphylactic interrelation of egg pro- 
teins will be discussed later. It is significant here to note the apparent 
discrepancy between the results of these precipitin tests and anaphy- 
lactic reactions, although one antigen was used which admittedly gives 
some anaphylactic reaction with other proteins. 
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EXPERIICKNTAL StUDIBS. 

Sera capable of precipitating egg albumin were prepared by immu- 
nizing rabbits with intravenous injections of this protein. By varying 
the proportions of immune serum and solution of egg albumin in the 
precipitin tests, zones of dilution were obtained in which tests for free 
antigen and free antibody could be made. In addition, by testing the 
sera of inmiunized rabbits at certain intervals after the injection of 
albumin, the proportions and duration of circulating antigen and anti- 
body could be studied. 

The important material for these experiments is the antigen. 
Attempts to use casein failed because of the confusing precipitates 
caused by the calcium salts required in the tests with this protein. In 
some experiments edestin from hempseed was used, from a preparation 
made by Dr. Harris of the Connecticut Agricultural Station. The 
results with this protein were definite. Because, however, of the scanty 
solubility of edestin, work with it is somewhat difficult. Crystalline 
egg albumin was found to be most suitable for these studies. This 
substance was prepared under the direction of Mr. Balls of the 
Department of Physiological Chemistry, according to the method of 
Hopkins and Pinkus." The whites of freshly laid eggs were carefully 
precipitated with ammonium sulphate, and the albumin from these 
was recrystallized three times. The solution of protein was dialyzed 
under toluol in the ice-box, to free it as much as possible from ammo- 
nium sulphate and acetic acid. The albumin was then dried in vacuo 
to a white glistening powder. The Zsigmondy ** gold-number " for the 
preparation was 8, showing the usual protective value of pure egg 
albumin as a colloid. This preparation met the requirements for pure 
crystalline egg albumin, and was probably as pure as it is possible to 
obtain a protein of this nature. 

Anaphylactic tests were made in the hope of showing that this 
preparation of egg albumin was free from globulin, or substances which 
have no antigenic properties like globulin. Egg globulin was prepared 
from the first fraction of egg white, precipitated with a half saturation 
with ammonium sulphate. A solution of the precipitate was dis- 
solved in distilled water and dialyzed against distilled water until the 
globulin began to fiocculate. This material was centrifuged, and the 
precipitate taken up in 10 per cent NaCl. This formed a turbid 
emulsion, free, however, from large particles. One series of guinea- 
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pigs^ weighing 250 gm., were sensitized by intravenoTis injections 
of varying amounts of crystalline egg albumin; another series by 
intravenous injections of egg globulin. After an interval of 26 days 
the animals were reinjected with protein, according to the following 
protocol : 

TABLE I. 

Anaphylactic reactions with ovalbumin and ovoglobulin tnm. the same 
eggs. 

Guinearpigs weighing from 200 to 250 gm. were injected intravenously 
with solutions of the proteins on July 13, 1916. 

Second injection on August 7th; after an interval of 26 days. 

Separate syringes and needles were used for each protein. 





A. ANIMALS SENSITIZED TO CRYSTALLINE OVALBUMIN. 


Quine*- 
pig. 


Sensitising 
dose. 


Intenrtl. 


Second 
injection. 


Result. 


949 
951 
962 
963 
964 

953 
055 
956 
952 


gm. albnmin. 
0.002 
0.002 
0.001 
0.001 
0.0005 

0.002 
0.002 
0.001 
0.001 


26 days. 
26 *' 
26 " 
26 *' 
26 " 

26 " 
26 '* 
26 " 
26 " 


gm. albnmin. 

0.1 

0.2 

0.1 

0.1 

0.1 
gm, globulin. 

0.1 

0.1 

0.002 

0.002 


Convulsions. Died. 
Convulsions. Died in 2 hrs. 
Typical anaphylaxis. Died in 3 min. 
Convulsions. Died in 3 min. 
Violent convulsions. Died in 2 min. 

Convulsions. Died in 3 min. 
Died in 30 min. 
Diarrhea. Survived. 
Sneezing, coughing. Survived. 



B. ANIMALS SENSITIZED TO OVOGLOBUUN. 



Quinea- 
piff. 


Sensitising 
dose. 


Interval* 


Second 
injection. 


Result. 




gm. globulin. 






gm. globulin. 




050 


0.004 


26 days. 


0.1 


Convulsions. Died in 1 min. 


960 


0.002 


26 


ft 


0.002 


Convulsions. Died in 1 min. 


965 


0.002 


26 


it 


0.002 


Convulsions. Paralysis hind legs. 
Died in 2 min. 


947 


0.001 


26 


a 


0.002 


Cough. Survived. 


059 


0.001 


26 


tt 


0.002 


Convulsions. Died in 2 min. 


946 


0.0005 


26 


tt 


0.002 
gm. albumin. 


Convulsions. Died in 2 min. 


948 


0.002 


26 


tt 


0.1 


Cough, etc. Survived. 


954 


0.002 


26 


tt 


0.1 


Sneezing, dyspnea. Survived. 


961 


0.001 


26 


tt 


0.1 


Sprawling, twitching. Survived. 
Cough, isurvived. 


957 


0.001 


26 


tt 


0.1 


958 


0.0005 


26 


tt 


0.1 


Cough, etc. Survived. 
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The results of the experiments summarized in Table I, show that 
preparations of egg albumin and egg globulin have a common antigenic 
factor, capable of producing mutual anaphylactic reactions. They 
confirm the statements of Wells" and Osborne," who, after a long 
series of experiments, concluded that ''in spite of ttie most careful 
separation of egg globulin from egg albumin by means of ammonium 
sulphate precipitation, the resulting preparations each react almost as 
well agi^inst each other as against itself/* Weil and Coca* report a 
somewhat similar experience with crystalline egg albumin, when 
injected into animals sensitized to egg globulin. These reactions have 
been considered in detail in order to determine whether or not the 
anaphylactic test is a valid criterion of the purity of a protein, and in 
particular whether the anaphylactic interreactions of egg globulin and 
egg albumin exclude the latter from use as a single pure antigen. 
Crystalline egg albumin is acknowledged to be a pure protein."* " 
** Egg globulin, however, probably consists of ovomucin and ovalbumin 
admixed in indefinite proportions.'* " The impuriiy of the " globulin '* 
renders the anaphylactic reactions without significance. In the pro- 
tocols of Table I, it is seen that the albumin-globulin reactions are 
much weaker than those caused by the injection of the specific proteins 
into a sensitized animal. This undoubtedly indicates that the globulin 
preparation contained ovalbumin. Belief in the individualiiy of the 
crystalline egg albumin as an antigen rests upon its chemical char- 
acteristics. 

Accepting, therefore, purified edestin and ovalbumin as single anti- 
gens, the following experiments were conducted upon their specific 
precipitin reactions. 

EXPERIMENT 1. 
Edebtin as Antiobn. 

To show the coexistence of edestin and its precipitin in the serum of an 
immunized rabbit April 1&-18, 1916. Serum from Rabbit 139, immunized 
to edestin, obtained one hour after an intravenous injection of 12 c. c of 
0.02 solution of edestin. This serum was kept for three days in the ice- 
box before being tested for its content of antigen and antibody. Serum 
from Rabbit 422 also immunized to edestin, having a precipitin ti^r 
of 1-4000. 

These sera were mixed in various pr(q[K>rtion8. The diluent used was a 
mixture containing NaCl 0.9 per cent and Na^CO^ 0.05 per cent in order to 
keep the edestin in solution. 
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QUAIYTTTIES ESXPBBSSED IX CUBIC CeNTIMETEBS. 





Return ISO, 


Edertin. 


Chloride 
carbonate 
aolution. 


Sertiin 422. 


Precipitate. 


Tube. 


Ring. 


87* C. 


24 bra. 
in ice- 
box. 


For precipitin 


Undiluted 0.2 
Dil. 1-6 0.2 

Undiluted 0.2 

Dil. 1-100 0.2 

1-1000 0.2 

Undiluted 0.2 


0.2 
0.2 


0.6 
0.6 

0.6 
0.6 
0.6 

0.7 
0.7 
0.7 
0.6 




± 


+ 






± 






++ 

+ 

± 




2 




For antigen 

3 

4 

5 

Control 

6 


0.2 
0.2 
0.2 


7 


0.2 





8 




0.2 
0.2 










1-4000 
0.2 


^ .4. 


+ 








' 



Tubes 1 and 2 show that this serum contained free precipitin. Tubes 3, 
4 and 5 show that free antigen was also present 

EXPERIMENT 2. 
Edestin as Antigen. 
April 20. Various quantities of edestin added to its antiserum to find 
zone of dilution in vitro in which antigen and antibody occur in super- 
natant fluids after the primary precipitin reaction. 
Serum from Rabbit 422, immunized to edestin having a titer of 1-2000. 
Edestin 0.02 per cent mixed in various proportions with undiluted serum 
Na 422, as follows, quantities being expressed in cubic centimeters. 





Serum 
422. 


Edeatin 
0.02% aol. 


Chloride 


PrecipiUte 
after 24 hra. 
in ice-box. 


fluida for 


For precipi- 
tin 0.2c. c. 


Tube. 


carbonate 
mixture. 


antigen 
0.2 c. c. supernat. 


•upematant. 
0.8 c. c. 












04Kc.c.aenim422. 


edeatin aol. 


1 


0.2 


2 




++ 

++ 

+++ 




■ 


2 


0.2 


1 




1 -'- 


3 


0.2 


0.6 


0.3 


1 ± 


4 


0.2 


0.2 


0.6 


+++ 


+ 1 


1 + 


6 


0.2 


0.1 


0.7 


++ 


Trace. 


+ 


6 


0.2 


0.01 


0.8 


+ 


! 


+ 


7 


0.2 


0.001 


0.8 


+ 





++ 


8 


0.2 


0.0001 


0.8 


-♦- 





++ 


9 


0.2 


0.00001 


0.8 








++ 


Controls. 














10 


0.2 




0.3 










11 




0.2 


0.3 





++ 



The overlapping shaded areas in the above chart indicate the zone in 
which antigen and precipitin are present in these fluids. 
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EXPERIMENT 3. 
Cbtstalline Eoo Albumin as Antigen. 

To show the co-existence of antigen and antibody in circulation of an 
immune animal. June 2, 1916. Serum from Rabbit 210, immunized to 
crystalline egg albumin* having a titer of 1-6000 before last injection of 
antigen. 

10.45 a. m. 3 c c of 5 per cent solution of crystalline egg albumin injected 
intravenously. 

In Rabbit 210. 11.30 a. m. Bled from carotid 15 c. c. 

At 3 p. m. tests were carried out as follows: 



Tube. 


P 

Hi 

5"^ 


n 

m 


ill 


h 
P 

is 

9i 


** 

I 

IS 




For antigen in serum 21C 
For precipitin in 210 B 


>A1.. 
2.. 


0.2 


0.2 
0.2 
0.2 

0.2 








++++ 




0.2 
1-10 
0.2 
1-100 
0.2 






8. . 










4.. 

5.. 
6.. 

7.. 


0.2 
0.2 






Oontrols 


0.2 


' '6!2* 

"6.'2' 

* '6.2 
0.2 
















0.2 
0.2 




0.2 







8.. 
9.. 









0.2 
0.2 


0.2 
"6.'2* 







10.. 











11.. 




^ 






Tube 1 shows that the serum of Rabbit 210 contained antigen ununited 
with its antibody 45 minutes after an injection of crystalline egg albumin. 
Tubes 2, 3 and 4 show that during the time free precipitin was still present 
in the blood of the immune animal 

Several experiments like this were conducted. As the protocols are 
identical, they are omitted here. By testing the sera of rabbits immunized 
to egg albumin at different periods after the injection of albumin, it was 
found that antigen and antibody are present separately in the circulating 
blood for about 48 hours. 

EXPERIMENT 4. 

Cbystaixinb Ego Ai^umin as Antigen. 

June 16, 1916. Various quantities of crystalline ovalhumin were added 

to its antiserum to find the zone of dilution in vitro in which antigen and 

antibody occur in the supernatant fluids after the primary precipitin 

reactions. 
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Serum from Rabbit 210 immunized to crystalline egg albumin, having 
a titer of 1-10.000. 

Crystalline egg albumin 5 per cent in normal salt solution added in 
diminishing amounts to undiluted serum No. 210, according to the following 
table. 

Quantities are expressed in cubic centimeters. 









Normal aalt 
aolntlon. 




Supernatant flulda. 


Tub«. 


For antigen 
0.2 c. c. 

•upernatant. 
0.2 c. c. 

serum 210. 


For precipitin 

fupenuitMit. 
O.t 0. c. orTit. 
albumin dilu- 
ted 1-10. 


1.... 


0.5 


0.06 


0.25 


++ 


+++I 


+ 


2.... 


0.6 


0.01 


0.25 


+++ 


++ 1 


+ 


3.... 


0.6 


0.005 


0.25 


+++ 


++ 1 


+ 


4.... 


0.6 


0.001 


0.25 


++++ 


+ 1 


++ 


5.... 


0.5 


0.00076 


0.26 


+++ 


± ■ 


++ 


6.... 


0.6 


0.0005 


0.25 


++ 





++ 


7.... 


0.6 


0.0001 


0.25 


+ 





+++ 


8.... 


0.5 


0.00005 


0.25 


± 





+++ 


Controls. 














9.... 


0.5 




0.25 








++++ 


10 




.5 
.5 


0.25 
Normal rabbit 
serum 0.25 






+ 
+ 





11 














The overlapping shaded areas in the above chart show the zone in the 
supernatant fluids in which free antigen and antibody (crystalline egg 
albumin and its precipitin) deflntely co^ezist 

In many of the precipitin reactions with crystalline egg albumin^ the 
maximum of precipitation occurred only when the albumin solution 
was diluted 500 or 1000 times. This phase of the precipitin reaction is 
commonly known as the " prozone/^ and is most readily explained as a 
phenomenon of colloidal relationships. In this particular case it 
seemed desirable to investigate the inhibition of precipitation eflfected 
by the albumin preparation, to relate it, if possible, to the protective 
influence exerted by the emulsoid on a sensitive gold sol. To show 
this effect, the following experiment was performed : 

EXPERIMENT 5. 

To show the protective action of a solution of crystalline egg albumin 
upon the precipitation <^ human serum by its specific antiserum. To the 
serum from Rabbit 447 having a titer of 1 to 10,000 against human serum, 
various quantities of a 5 per cent solution of crystalline egg albumin were 
mixed with human serum. After one-half hour antihuman serum from 
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Rabbit 447 was added to this mixture as follows. The gold number (tf this 
preparation of egg albumin was 8. 



Tub«. 


Hanuin aeruni. 


Antfhuman 
•emm. 


OrjTfUlline 
efg albumin 


Normal 
•alt. 


PreciplUte 
ilir.afrr*0. 


1 


0.2 
0.2 

1-100 

0.2 
1-1000 

0.2 
1-5000 

0.2 
1-10,000 

0.2 

0.2 

0.2 

1-100 

0.2 
1-100 

0.1 
1-100 

0.1 

0.2 

0.2 


0.2 
1-6 dil. 
0.2 
1-6 
0.2 
1-6 
0.2 
1-6 
0.2 
1-6 
0.2 
0.2 
1-6 
0.2 
1-6 
0.2 

0.1 
1-6 
0.1 




0.2 
0.2 

0.2 

0.2 

0.2 

0.2 


++++ 
+++ 

++ 

+ 
+ 



2 




3 




4 




6 




6 




7 


0.2 
0.2 

0.2 

0.2 

0.4 


++ 
± 




8 









10 

11 

GontroU 12 


0.2 
0.2 


13 




0.2 
0.2 





14 


0.2 
0.2 







15 




0.2 














These tests (tubes 7-11) show that the presence of sufficient egg albumin 
prevents the flocculation <^ human serum by its antiserum. This eftect of 
the solution <^ egg albumin is in accord with its well-known protective 
action on other colloids, particularly its protection <^ a sensitive gold-soL 
against precipitation by electrolytes. Its protective action in the above 
tests is obviously stronger than that exerted by serum and may explain 
the long " prozones " commonly found in precipitin reactions with solutions 
of crystalline egg albumin. 

The hypothesis of von Dnngem is insufficient to explain the fact 
that a serum containing both antigen and antibody^ though clear at 
first, undergoes spontaneous precipitation upon long standing.^ As 
the precipitation progresses the amounts of antigen and antibody 
gradually diminish. This phenomenon is a matter of common observa- 
tion, when the sera of animals immunized to a mixture of proteins 
are studied at successive intervals after an injection of the proteins 
used as antigen. Since it was shown by Experiments 1 and 3, of these 
studies, that a simple antigen, such as edestin or crystalline egg 
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albumin remains nnnnited with its homologpus precipitin in the circu- 
lation of an immune rabbit for at least 24 hours after the last injection 
of the protein, a serum was readily obtained in which the slow spon- 
taneous union of a single antigen with its antibody could be observed. 
This series of tests were carried out as follows: 

EXPERIMENT 6. 

Spontaneous precipitation in a serum contcdning antigen and antibody 
(crystalline egg albumin and its precipitin). 

July 27, 1916. Rabbit 941 immunized to crystalline egg albumin, having 
a serum with a titer of 1 to 25,000, was injected intravenously with Sec. 
of a 5 per cent solution <^ crystalline egg albumin. One hour later blood 
was drawn aseptically into sterile tubes. Serum obtained from this was 
divided into several lots and stored in sterile tubes in the ice-box. Titra- 
tions for antigen and antibody were made as fc^ows; quantities being 
expressed in cubic centimeters: 





Serum 941 
after in- 
jection. 


Serain041 
before in- 
jection. 


Oryrtalline 
erg albu- 
min 0% 
•olution. 


Normal 
salt. 


Normal 
rabbit 
serum. 


PrecipiUte. 


Tube. 


ibr.at 
87* C. 


24 hrs. in ice-box. 


For antigen. 


0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

0.2 


0.2 








+ 

+ 

+ 












4- 




For precipitin. 
2 


1-10 

0.2 
1-100 

0.2 
1-600 

0.2 
1-1000 

0.2 
1-6000 

0.2 
1-10,000 

0.2 






+ 

+ 


3 






4 






6 






6 






7 






Controls. 

s 


0.2 
0.2 


0.2 

0.2 
0.2 


Slight 
precipitate 
(spontaneous) 



9 




1-10 
0.2 
1-10 
0.2 


10 









11 


0.2 







12 


0.2 
0.2 









13 




1-26,000 
0.2 




+ 
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Tube 1 shows that the serum contained a considerable amount of antigen, 
while the tubes 6 and 7 show that the precipitin titer of the same serum 
equalled 1 to 10,000. Tubes 8 to 13 were used to show that no non-specific 
precipitation occurred in any ci the components of the primary reaction. 
In the subsequent tests, this series of controls was repeated invariably. 
The results were always as anticipated, and they will be omitted in detail 
from the following protocols. 

The batches of serum 941 kept in the ice-box showed definite spontaneous 
precipitation at the end of 24 hours. 

July 28, titrations of the antigen and antibody content of this serum 
carried out as follows: 



Tube. 


Serum 941 
after in- 
jection. 


Serum Ml 
before in- 
jection. 
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ice-box. 


For antigen 1 


undil. 

0.1 

1-10 

0.1 
1-100 

0.1 
1-260 

0.1 
1-600 

0.1 
1-1000 

0.1 
undil. 

0.1 

0.1 

0.1 


0.1 
0.1 
0.1 
0.1 
0.1 
0.1 




++ 

+ 
+ 
+ 




+ 

+ 




++++ 

+++ 

++ 

+ 
+ 




2 




3 




4 




5 




6 


For precipitin 7 


1-1000 

0.1 
l-«)00 

0.1 
1-10,000 

0.1 
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This series of tests shows that the quantity of antigen present in s^rum 
941 (after injection) was sufficient to give a visible reaction when diluted 
600 times. At the same time the precipitin titer <^ this serum containing 
free antigen was 1 to 1000. In the previous 24 hours, however, while 
spontaneous precipitation had occurred in this serum, the precipitin titer 
decreased from 1 to 6000 to 1 to 1000. 

Spontaneous precipitation continued, and at the end of 48 hours the 
following proportions of egg albumin and its precipitin were found to be 
present 

July 29, 1916. Serum 941 titrated as follows: 
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Tube. 


Serum 041 
after. 


Serum 941 
before. 

0.1 
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On July 31, 96 hours after the serum had been obtained, the tubes were 
turbid with considerable flocculated material in the sediment The tur- 
bidity disappeared on warming the serum, but the sediment remained, 
giving evidence of the specific nature of this spontaneous precipitate. 
Titration of the serum at the end of 96 hours gave the following values for 
its content of free antigen and antibody. 





Serum 041 
(after). 


Serum 041 
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Albumin 
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This shows that during the course of spontaneous precipitation in the 
serum both egg albumin and its precipitin became decreased. At the end 
of 96 hours the antigen titer had fallen to 1 to 200 and the precipitin titer 
to 1 to 100. 

Subsequent titrations were carried out to follow the decrease of these 
antisubstances coincident with progress of spontaneous precipitation in 
the serum. 
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At the end of 144 hours the Berum no longer contained precipitin, while 
the antigen titer had decreased to 1 to 100. 

At the end of 196 hours the precipitin was still zero, while the antigen 
titer remained constant at 1 to 100. 

The results of these titrations ci the supernatant serum during spon- 
taneous precipitation may he graphically represented hy the following 
curres. (Fig. L) 
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The graph of the obseryed amounts of antigen and antibody remain- 
ing dissociated in the supernatant fluid of this precipitin reaction sug- 
gests at once that the process has taken place according to a definite 
law. From the data at hand^ as the amounts of antigen and precipitin 
are stated here only in terms of the dilution of mixtures whose protein 
content was not accurately estimated^ it is not possible to anal]rze the 
curve in detail. Experiments are being undertaken, therefore, to 
determine quantitatively the mutual relationships of the factors of this 
reaction. While, however, calculations are not possible which would 
reveal the nature of this reaction, it is permissible to point out that the 
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curve is not unlike that of some colloidal precipitations. In this case 
the amount of precipitate together with the amount of precipitin 
remaining in solution in the presence of the precipitable substance is 
apparently a fimction of the concentration of the precipitable sub- 
stance — crystalline egg albumin, the colloidal properties of which are 
indisputable. Although the experiment was not conducted upon a 
quantitative basis, the regularity of the graph of its results is striking. 
From this feature it is a fair assumption to suppose that the reacting 
antibodies were strictly homologous, and that the absence of irregu- 
larity in the curve is evidence that the antigen was a relatively simple 
substance. This confirms the chemical evidence of the purity of the 
preparation of crystalline egg albumin used as the antigen. 

SUMKABT. 

In these studies several phases of the precipitin reactions were inves- 
tigated by the use of purified proteins as antigens. These preparations 
were edestin from hempseed and crystalline ovalbumin from fresh eggs. 
The ovalbumin isolated by the method of Hopkins and Pinkus was 
apparently as pure as is obtainable by chemical means. This albumin, 
however, produced moderately severe anaphylactic reactions in animals 
immunized with ovoglobulin. Anaphylactic tests of the individuality 
of a protein cannot be any longer regarded as the criterion of the indi- 
viduality of the substance as an antigen. Wells and Osborne have 
shown that proteins of considerable chemical difference may have a 
common antigenic group, which causes mutual anaphylactic reactions 
in animals sensitized to these proteins. In particular, as egg globulin 
is a mixture of proteins, one of which is undoubtedly egg albumin, 
anaphylaxis produced by injections of albumin into animals sensitized 
to the so-called *' globulin '* offers no evidence for or against the purity 
of the albumin. The character of the curves shown in Fig. 1 confirms 
the assumption based upon chemical data, that crystalline egg albumin 
is a single protein. 

2. With edestin and crystalline egg albumin as antigens, phases in 
the precipitin reaction were found in which these substances and their 
specific precipitins could be demonstrated to be co-existent, but 
ununited in the same serum. 

3. Where edestin or crystalline egg albumin is injected into a rabbit 
immunized thereto, the antigen may be found in the circidating blood 
during 48 hours after its injection, while at the same time the animal 
maintains a high titer of free precipitin in its blood. 
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4. When the pure protein antigen is mixed in proper proportions 
with the serum of a specifically immimized rabbit, and the residting 
precipitate removed by centrifugation, the supernatant fluid contains 
both antigen and antibody. 

5. The serum drawn from a rabbit during the periods in which 
free antigen and antibody are co-existent in the circulation, undergoes 
slow spontaneous precipitation when kept in sterile tubes in the ice-box. 
The graph of this reaction is reproduced as Fig. 1. The relationship 
of this parabola indicates that the interaction of antigen and antibody 
takes place according to a definite law. When sufficient quantitative 
data are obtained to allow an analysis of this curve, the formula for 
this reaction will undoubtedly throw light upon the chemical or physi- 
cal reaction of the process. 

6. The protective action of the solution of egg albumin as a third 
colloid, preventing precipitation in a reaction between human serum 
and its antibody, was readily demonstrated. This observation, and the 
constancy of the long *' prozone ^ in precipitin test with egg albumin 
are in accord with the protective action of ovalbumin upon colloidal 
gold. 
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CARCINOMA OF THE PLEURA WITH HYPERTROPHIC 
OSTEOARTHROPATHY. 

REPORT OF A CASE WITH A DESCRIPTION OF THE HISTOLOGY OF 
THE BONE LESION. 

By STANHOPE BAYNE-JONES, M. D. 

(From the Pathological Department, The Johns Hopkins University, 
Baltimore, Md.) 

The patient, whose case provided the material for this report, pre- 
sented the not uncommon association of chronic intra-thoracic disease 
with a peculiar form of chronic disease of the bones. The extreme 
degree of both of these processes made his case somewhat unusual. The 
change in the bones, which began after the onset of the thoracic disease 
and progressed with it, was typical of the condition known as " sec- 
ondary hypertrophic osteoarthropatliy.'' The nature of the intra- 
thoracic disease, however, remained obscure throughout the patient's 
illness. From the material obtained at autopsy, this was found to 
be an extensive pleural neoplasm, with a cellular picture characteristic 
of the so-called " primary carcinoma of the pleura." The account of 
the case, with emphasis upon the two main diseases, may be sum- 
marized as follows : 

Abstract of Medical History No. 102737. — J. H., a negro boy, 16 years 
old, was admitted May 22, 1915, to the Medical Clinic of The Johns Hopkins 
Hospital, complaining of ** pain in the left side of the chest, weakness and 
shortness of breath." Until the onset of the symptoms which began three 
months before he came to the hospital, he had been an athletic school-boy. 
During these months he had several attacks of pain in the left side, asso- 
ciated with some fever and vomiting, and so much " pain around the heart,'* 
that he was confined to bed. He had remained in bed during the month 
previous to his admission, lying curved toward the left side. He had lost 
some weight and his ankles had become swollen. 

When examined in the hospital, he was found to be an emaciated boy, 
lying on his left side. The important physical signs were shown by his 
chest and skeleton. The conspicuous skeletal change was a general enlarge- 
ment of the long bones. The fingers and toes were club-shaped. The 
forearms were elongated disproportionately to the humerus and the distal 
ends of the radii and ulnsB were thickened. The clavicles were also 
thickened. The tibiss were enlarged, especially their lower ends. The 
ankles and knees were slightly swollen, but were not painful and did not 
contain an excess of fluid. The spine was widely scoliotic, with the con- 

16 
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cavity to the left. These changes in the bony framework are shown in the 
accompanying photograph of the patient (Fig. 1). Roentgenograms of the 



*. 



f 



Fig. 1. — Photograph of patient showing the general 
features of hypertrophic osteoarthropathy, with a de- 
formity of the thorax due to the pleural neoplasm. The 
enlargement of the long bones and the clubbing of the 
fingers and toes are plainly seen. 

patient's arms, legs and hands were taken before the pulmonary condition 
was studied. In these plates (Figs. 2, 3) a fairly regular shadow was seen 
lying along the outside of the usual line cast by the cortex of the bone, 
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Fio. 2. — Roentgenogram of humerus, ulna and radius, 
showing the accessory shadow along the shafts of the 
hones, cast by the encasing layer of newly formed sub- 
periosteal bone. 
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Fio. 3. — Roentgenogram of lower ends of ulna and radius and 
metacarpus. The third layer of new bone is shown by these 
shadows to involve also the metacarpal bones. The epiphyseal 
lines are normal. 
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evidently representing a new formation of bone beneath the periosteum. 
The condition was at first diagnosed as a hypertrophic periostitis of 
syphilitic origin. The patient's Wassermann test was negative, and that 
of his father was also negative. Prom the circumstances of the case it 
seemed that syphilis could be definitely excluded. 

The physical signs over the left chest, where the percussion note was 
flat and the voice sounds had a nasal quality, suggested the presence of 
an efPusion or pus in the subscapular region. No fluid, however, was 
discoverable by thoracentesis at this time, or subsequently. 

During the succeeding months, the patient continued to have an irregular 
fever, with a temperature varying between 99 and 101° P. Repeated 
punctures of the chest failed to reveal the nature of the process there. 
Pulmonary tuberculosis was suggested as a possibility, but this was 
apparently excluded by a negative Calmette eye-test with 5 per cent tuber- 
culin. The patient's leucocyte count remained at about 10,000 to 12,000 
cells per cu. mm., with 75 to 85 per cent polymorphonuclear neutrophlles. 
He failed steadily, receiving no benefit from any form of treatment. An 
exploratory thoracotomy was done on August 24. When a rib was resected, 
a layer of thick yellow tissue was found In place of the pleura, without any 
efPusion in the chest. A frozen-section of this tissue was diagnosed " sar- 
coma of the pleura," and no further operation was attempted. Shortly 
after the operation, the patient began to have pains In the abdomen. He 
failed steadily and died one week later. 

Abstract of Autopsy No. 4455. — Anatomical Diagnosis. — Primary: Pri- 
mary carcinoma of the pleura, filling left pleural cavity, Invading left lung, 
pericardium, diaphragm, capsules of liver, spleen and left kidney ; Implanta- 
tions of carcinoma on Intestines; acute hemorrhagic peritonitis; atelectasis 
of left lung; deformity of thorax; scoliosis. 

Subsidiary: Pulmonary tuberculosis (encapsulated tubercles at right 
apex); chronic fibrous pleurisy (rt.). 

Generalized hypertrophic osteoarthropathy. 

The chief pathological changes were found In the thoracic organs, 
particularly the pleura, and In the bones. The description of these are 
quoted from the protocol as follows: 

The body Is that of a greatly emaciated young mulatto, 162 cm. In length. 
The orbital and other facial foss« are deeply sunken and the bony skeleton 
stands out prominently. The thorax Is deformed, being depressed and 
retracted on the left side; It Is flattened In front and bulges to the right 
In the axilla on the right side. There Is an extreme grade of scoliosis of 
the dorsal spine, with the convexity toward the right. In the back, below 
the angle of the left scapula. Is an oval opening at the site of the surgical 
operation. A thin purulent fluid passes out along the drain Inserted Into 
this opening. By passing the finger Into this opening, It is determined that 
parts of the 9th and 10th and 11th ribs have been removed. A short distance 
beyond the chest wall, the finger comes In contact with a firm, somewhat 
nodular structure, which extends throughout the part of the chest which 
can be explored with the finger. The long hones of the body are thickened 
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and roughened and the Joints of the hands, knees and feet seem to be 
difPusely enlarged. The ends of the fingers are somewhat club-shaped with 
the fingernails curved both transversely and longitudinally. There is a 
long scar above the ulna of the left forearm. Rigor mortis is present in 
all the joints. 

The abdomen is flat, with thin, rigid walls, in which there is practically 
no adipose tissue. The peritoneal cavity contains about 40 c. c. of bloody 
fluid. The walls of the abdomen and the various viscera are splotched 
here and there with dark brown and yellowish areas. The largest of these 
areas is in the left dome of the diaphragm, where the tip of the spleen and 
the left lobe of the liver are adherent to a brown granular area of the 
diaphragmatic peritoneum. This area is composed chiefly of what seems 
to be a delicate granulation tissue together with small extravasations of 
blood in the sub-peritoneal tissue. Throughout this region also are 
numerous yellow specks, which are rather firm and seem to be in direct 
connection with the mass above the diaphragm. Portions of the intestlonal 
peritoneum show a similar change, especially over several loops of the 
small intestine which lie in the pelvis. Here, in addition to the hemor- 
rhagic material, there are localized collections of yellow friable material — 
apparently a thick exudate. Two intussuceptlons are present In the upper 
part of the small Intestine; but these are readily separable and are not 
composed of inflamed intestine. The left pleural cavity is obliterated by a 
large mass, while on the right the lung is bound to the chest wall by dense 
adhesions, which obliterate this cavity. There Is no free fluid or localiza- 
tion of pus in either pleural sac. The thymus extends down from the 
eplsternal notch; It Is 6 cm. in length. The pericardial sac contains about 
15 c. c. of slightly blood-tinged fluid. The pericardium Is generally smooth, 
except for three areas on the left posterior side, where several types of 
lesions are visible. One of these Is a small yellow nodule, 2 mm. In diameter, 
entirely sub-perlcardlal. (Pig. 5.) The other spots, of similar size, have 
a dark brown, granular surface, not unlike the patches seen in the peri- 
toneum. On section It Is seen that these nodules are In direct connection 
with the tumor In the left chest, which Is In contact with the pericardium 
at this situation. The heart Itself shows nothing abnormal. 

Lungs. — The pleural covering of the right lung Is thickened by fibrous 
tissue which binds the lung firmly to the chest wall. The lower and middle 
lobes of the right lung are crepitant, and have a plnklsh-yellow moist surface 
on section. At the apex of the upper lobe, several firm nodules are palpable. 
On section, this area of the upper lobe contains several greyish areas, about 
2 mm. In diameter, which stand out above the level of the section and are 
surrounded by small dark purple zones. The bronchial lymph nodes are 
pigmented, but the nodes at the hllum of this lung are apparently not 
enlarged. The pulmonary arteries and veins are not abnormal. The left 
side of the chest is filled by a large tumor mass (Fig. 4), which has Its 
thickest area In the lower posterior portion of the chest and envelops the 
whole of the lung like a shell. The tissue composing this tumor mass Is 
fairly firm, nodular and of a yellow color speckled with brown hemorrhagic 
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areas. The tumor passes upward over the lung in flat sheets and by thin 
extensions into the interlobar and pleural complementary spaces. It is 



Fig. 4 — Photograph of carcinoma of the pleura enveloping 
the lung. The neoplasm is pinned back at the upper end of 
the mass to show the sheet-like type of growth. 

intimately connected with most of the left side of the diaphragm, through 
which it seems to be extending in the region where the spleen and left 
lobe of the liver are adherent. Several processes seem to invade the peri- 
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cardium, and in several places definite prolongations and nodular portions 
of the tumor can be traced into the lung substance. 
The left lung is compressed within the enveloping tumor. The lung 



Fig. 5. — View of the posterior aspect of the pericardium 
showing nodules of tumor where the carcinoma of the 
pleura has invaded this sac. 

tissue is generally darker in color than that of the right lung and has a 
fleshy non-crepitant consistence. Except for the nodular masses of tissue 
resembling the tumor-tissue, there are no areas of consolidation of tliiB 
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lung. At the hilum, the lymph-nodes are involved in the tumor and are 
enlarged and nodular. The arteries and veins are not abnormal. 

The spleen is adherent by its upper pole to the red, granular areas on 
the upper surface of the left diaphragm. Its capsule is thickened at these 
places of contact, and the section seems to show small strands of tissue, 
like that of the tumor passing into the spleen itself. The pulp does not 
come ofT on the knife and the Malpighian bodies appear as small grey dots, 
but are very numerous. The spleen measures 10.5 x 3.5 x 2 cm. 

The liver weighs 700 gm. and measures 22 x 14 x 5 cm. The capsule is 
thin and delicate' every where except for a small region over the upper part 
of the left lobe where it is adherent to the diaphragm and is apparently 
invaded by the growth from the thorax. The liver substance is light brown 
in color, showing distinct lobulation, with apparently the normal amount 
of connective tissue. 

The stomach, pancreas and adrenals show nothing abnormal. 

The kidneys together weigh 200 gm. Both present the same general 
appearance, except that the capsule of the left kidney in a small area near 
its upper pole does not strip as smoothly as the capsule over the rest of the 
organs. At this point the kidney lies in contact with a downward prolonga- 
tion of tissue resembling the tissue of the tumor in the left chest, and it 
seems as if the renal cortex were invaded for a short distance by a small 
strand of this tissue. 

Long Bones, — ^A portion of the ulna, taken from the region of the old 
operative scar in the left forearm, does not show any evidence of neoplasm. 
But this bone, the fibula, tibia and femur, on section show a layer of spongy 
bone lying below the periosteum outside the ring of dense normal bony 
cortex. In all these bones, three osseous layers are readily visible, viz,, a 
spongy medulla, a dense cortex, and a layer of spongy sub-periosteal bone. 
The original bone is rarefied. The epiphyseal lines are somewhat irregular. 

The thyroid is definitely enlarged^ weighing 60 gm. The lobes are equal 
in size; the left measures 6.5x3x2 cm. On section the surface has a 
translucent jelly-like appearance and is light red in color. A sticky 
material can be scraped from the surface, coming off in small granules 
which correspond to the alveolar spaces. 

MicBoscopicAL Notes. — A section from the tumor shows an invasive pro- 
liferation of epithelial-like cells, constituting a neoplasm whose chief 
characteristic is the formation of alveolar and tubular structures separated 
from each other by connective-tissue stroma and filled with large epithelial- 
like cells. The cells are large, polygonal, with single and double vesicular 
nuclei. Relatively few mitotic figures are visible, but the cells tend to be 
packed together in nests showing many nuclei with little intercellular 
differentiation. Strands of these cells, of varying thickness, and single 
cells invade the surrounding stroma; there are areas of hyalinlzation of 
the connective tissue and numerous extravasations of blood (Figs. 6, 7). 
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Sections showing metastases, implantations and invasions of the neoplasm 
in neighboring organs: In the section from the lung, strands and alveoli 
composed of the characteristic epithelial-like cells extend from the pleural 
surface into the lung tissue. Areas of hemorrhage surround these pro- 
longations of the tumor. 



Fio. 6. — Section from carcinoma of the pleura showing the 
characteristic arrangement of the large cells in a stroma of 
hyalinized and hemorrhagic connective tissue. 

The rest of the lung is so compressed that the alveolar spaces can be 
distinguished only indefinitely, and the bronchi are flattened. 

The pericardium shows one or two nodules of these characteristic cells 
in the pericardial stroma, making a bulge on the cardiac surface. Through- 
out this section, there is a considerable amount of hemorrhage and hyalini- 
zation of the connective tissue. 
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In the capsules of the spleen and kidney strands and alveoli of the 
neoplastic cells are abundantly present. They do not, however, invade 
the parenchyma of either of these organs. 

On the under surface of the diaphragm there is a somewhat papillomatous 
formation of the extension of the tumor. 



Fig. 7. — Section from carcinoma of the pleura under high 
power, showing the large epithelial-like cells, and the arrange- 
ment in a pseudoalveolus. 

On the peritoneal surface of the intestines there are implantations of 
the characteristic tumor cells. These invade the connective tissue of the 
subserosa, and are surrounded by hemorrhage and hyalinized connective 
tissue. The muscular and mucous coats are not disturbed. 

Lung. — In a section from the right apex there are several pink, granular 
areas, containing a few fragmented nuclei, and around this is a zone of 
round cells, epithelioid cells and capillaries. Beyond this, a zone of 
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collapsed pulmonary alveoli grade into normal lung tissue. Hilic lymph- 
node: In this section are extensive hyalinized areas in the centers of the 
follicles and an occasional small but typical tubercle. Lymph-nodes from 
the cardiac end of the stomach and from the mesentery show nothing 
abnormal. 

Thyroid. — The alveoli are large, distended with colloid and lined with 
very fiat cuboidal epithelium. This section has distorted the tissue a 
good deal, but apparently shows a moderate degree of colloid goitre. 



Fig. 8. — Photograph of cross-section of ulna, showing the layer of subperiosteal new-formation 
of bone, deposited in lines perpendicular to the circumferential lamellae of the original cortex. 

Bones. — Sections from the tibia and fibula show three distinct layers 
of bone in each of these places. (Fig. 8.) The inner layer consists of the 
usual wide-meshed cancellous tissue of the marrow cavity. The middle 
layer, corresponding to the cortex of normal bone, is composed of compact 
bone, arranged in lamellae and with Haversian systems. The Haversian 
canals are enlarged and the cross-section of the cortex is thinned, indicat- 
ing some rarefaction. Between this original cortex and the outer layer 
of bone in these sections there is an open mesh work of osseous trabeculae 
merging shortly into the third layer of compact bone. This accessory 
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layer of bone is ccmposed of Havenian systems deposited in radiating 
lines which are perpendicular to the external circumferential lamell» of 
the original cortex. In this new tissue, the lacunae, canaliculi and lamelte 
haye all the characteristics of normal bone. The periosteum is seen lining 
the outer layer of new IxMie. 

The bone-marrow is composed chiefly of fat cells, delicate flbrous tissue 
and numerous small blood-vessels. 

The epiphyseal line of the lower and of the flbula consists of a thin 
broken zone of cartilage, partially calcified. 

The articular cartilages of the knee-joint are smooth and are not 
obviously thinned. 

Discussion. 

As the chief features of this case were concurrent, they will be dis- 
cussed separately, the disease of the pleura being considered first, and 
secondly the disease of the bones. 

Carcinoma of the Pleura. — Among the neoplasms of the pleura, the 
growth known as " primary carcinoma '* is probably the least frequent. 
Hansemann * found one primary tumor of the pleura in 1200 autopsies. 
Lord ' accepted 50 cases from the literature up to 1915. Among the 
5000 autopsies performed in this department, two were upon cases of 
primary carcinoma of the pleura (Sprunt*). 

The first case of pleural carcinoma was described by Wagner* in 
1870, under the name of " Das tuberkelahnliche Lymphadenom.^* The 
cancerous nature of the growth was recognized in 1876 by Schultz,' 
who called it ** endothelial carcinoma.'* By other authors, as shown in 
a recent review by Bosenbaum,* it has b^en termed " endothelioma,*' 
" endothelioma lymphangiomatosum,** " pleuritis carcinosa,** " lymph- 
angitis carcinomatodes,** ** lymphangitis prolifera,** and "sarco- 
carcinoma.*' This confusing terminology indicates that in the minds 
of the describers of the tumor there have been two uncertainties. These 
questions were : (1) What is the origin of the tumor? From the lining 
cells of the pleura or from the intima of the lymphatics? (2) What is 
the nature of the cells lining the pleura ? 

The obscurity around the origin of the tumor has been due to the 
fact that in most cases the growth has been too far advanced, i^volving 
the whole pleura, to show its origin. In spite of the fact that the large 
polygonal cells composing the tumor have little in common with the 
endothelium of lymphatics, many authors have decided that the neo- 
plasm grew from these structures. Two observers, however, were able 
to oppose definite evidence to this hypothesis. Benda* and Sprunt* 
found areas in their sections in which transitions from the flat cells 
17 
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of the pleural lining to the villous and tabular arrangements of the 
large cells of the tumor could be seen. These observations indicate 
that the neoplasm arises from the lining cells of the pleura. 

At present, most histologists regard the lining cells of the pleura as 
epithelial-like cells derived from the mesoderm. It is certain tiiat these 
cells do not arise from endoderm, but from the cells of the mesoderm^ 
when this layer splits to form the pleural cavity. These cells have 
many of the characteristics of epithelium^ and are commonly desig- 
nated " mesothelial epithelium.** It is appropriate, therefore, to regard 
this primary neoplasm of the lining cells of the pleura as an epithelial 
tumor — a carcinoma of the pleura. 

In most cases, as in this one, vascular metastases are uncommon. 
The neoplasm invades the limg, pericardium and diaphragm, making 
secondary growths by direct extension, and forming implantation 
metastases upon the surfaces of the organs lying in cavities into which 
the tumor has penetrated. The envelopment of the lung, and sheet- 
like extension of the growth throughout the whole of one side of the 
thorax is a distinguishing characteristic of this type of pleural neo- 
plasm. 

Secondary Hypertrophic Osteoarthropathy. — In this discussion, it 
has been emphasized that the association of hypertrophic bone changes 
with chronic disease of the lung is an accidental, although frequent 
occurrence. The disease was first described by Marie,* in 1890, as 
" oeteoarthropathie hypertrophante pneumique,** and since then it has 
been frequently called ** pulmonary osteoarthropathy.'* The present 
simplified terminology is adopted from the designation used by Locke,* 
who showed that this type of hypertrophic sub-periosteal bone forma- 
tion has been associated with a great variety of diseases. From his 
studies of the literature he was able to group the cases according to 
the primary disease, as follows : With all types of chronic disease of the 
respiratory tract (including carcinoma of the pleura), 108 cases of 
hypertrophic osteoarthropathy; with diseases of the circulatory tract, 
6 cases; with disease of the alimentaiy tract, 13 cases; with miscel- 
laneous conditions, chiefly chronic suppuration, 7 cases. In all 
the reports of the disease, Locke found only six cases which suggested 
the possibility that the bone changes were primary. He concluded, 
therefore, that the " evidence is overwhelming that hypertrophic osteo- 
arthritis is always a secondary disease.** 

The secondary nature of the disease, however, does not throw any 
light on its etiology. It is usually secondary to chronic tuberculosis, 
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and often secondary to chronic suppuration. On this basis it has been 
supposed that some toxic product in these lesions stimulates the peri- 
osteum to the formation of a new deposit of bone. On the other hand, 
generalized hypertrophic osteoarthritis has been associated with so 
many varied non-suppurative diseases, that the toxogenic hypothesis of 
its origin is insufficient. The few experiments undertaken to reproduce 
the condition are too inconclusive to be of any value, and the case 
reported in this paper does not afford any data for an interpretation of 
the etiology of the bone changes. 

The complete review of the subject published by Locke* in 1916 
renders superfluous any detailed discussion of this disease. The case 
reported here, however, has several interesting features which may be 
pointed out as follows : 

1. The hypertrophic bone changes consist of a regularly arranged 
deposit of new bone in a layer around all the bones of the skeleton. 
This layer is approximately of the same tickness on all the bones of the 
arms and legs. 

2. The periosteum is found to be on the outer edge of the most 
recently formed bone, which apparently indicates its active participa- 
tion in the process. 

3. The histology of the newly formed bone shows that this tissue 
resembles normal bone in aU respects and that, while it does not show 
any evidence of inflammation, it is similar to the new bone formed in 
cases of definite periostitis. 

4. The hyperht)phic osteoarthropathy was obviously secondary to 
the primary carcinoma of the pleura, and progressed with that disease. 
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THE INTEERELATION OP THE SURVIVING HEART AND 
PANCREAS OP THE DOG IN SUGAR METABOLISM.* 

By ADMONT H. CLARK, M. D. 

(Prom the Hunterian Laboratory of Experimental P<Uhology of The John$ 
Hopkins University, Baltimore.) 

The problem of sugar metabolism and diabetes is intimately asso- 
ciated with the two following questions: (1) Does the pancreas have 
a local independent action on dextrose passing through its blood- 
vessels, altering the dextrose in some way for utilization by the body 
tissues? (2) Is there a direct interrelation between the pancreas and 
body tissues in dextrose metabolism, and if so, how is it accomplished? 

In the experimental work reported below, the attempt has been 
made to gain some evidence as to the first of these questions by the 
direct perfusion of the pancreas with physiological concentrations of 
dextrose. The second question has been studied by various types of 
perfusion experiments on the isolated surviving heart and pancreas 
in order to determine whether there was any interdependence between 
the two in dextrose metabolism. 

The numerous experiments recorded by various workers bearing upon the 
interrelation between the pancreas and body tissues in the utilisation of 
dextrose need not be reviewed in detail. It is sufficient to say that two 
general lines of investigation have developed. On the one hand, the 
experiments of H6don/ Carlson and Ginsburg,* Forschbach,* Carlson and 
Drennan/ Verz&r and von FeJ^r,* Woodyatt,* Murlin and Kramer/ and 
others, in which blood was transferred in various ways from normal to 
diabetic animals in the hope of thus supplying a pancreatic hcMinone, have 
yielded no decisive results. Again, Verz&r and von FeJ6r,* Murlin and 
Kramer,^ Scott,* and others have attempted to supply this hypothetical 
internal secretion by the injection into diabetic animals of various kinds 
of pancreatic extracts. Their results have in general been negative. The 
obvious objection can be raised to all such experiments that in grinding 
the pancreas its powerful proteolytic enzymes might readUy inactivate a 
more delicate product of internal secretion. 

The second main line of investigaticm has developed since Cbhnheim * in 
1903 repcnrted experiments in which he found that, while pancreatic extract 

* Published in The Journal of Experimental Medicine, December 1, 1916, 
VoL XXIV, No. 6, pp. 621-660. 
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or muscle extract alone had no effect on dextrose, a mixture of the two 
caused a rapid diBi4>pearance of sugar, which he interpreted as being due 
to an oxidative process. Although his results were attacked by Clans and 
Embden ^ and others, they were supported by Arnheim and Rosenbaum," 
Dewitt," and Hall,^ and were generally acc^ted until Lerene and Meyer ** 
in 1911 found that this apparent destructicm of dextrose was dcs to a con- 
densation process, for by hydrolysis the reducing sugar was restored. 

Method. 

The method of isolated perfusion was chosen in the following 
experiments, for, while obvionsly artificial compared with normal 
physiological conditions, it offered a method of controlling the factors 
concerned. 

Two references only to the direct perfusion of the pancreas have been 
found. Hustin " perfused the pancreas in a study of its external secretion, 
and de Meyer ^ in 1910 found that by adding a solution preyiously perfused 
through a pancreas to one subsequently perfused through a liver there was 
an increase in the liver glycogen. The findings of fifteen observers who 
have studied the utilization of sugar by the is<4ated manmialian heart are 
summarized in Table I. An analysis of their results brings out the follow- 
ing criticisms: 

1. A uniform type of animal has not been used. 

2. The conclusions of the different observers are based on no constant 
time period of perfusion, but vary from 25 minutes to 10 hours. 

3. Save for the experiments of Maclean and Smedley,** there has been 
no attempt to make hourly sugar determinations in order to follow the rate 
of sugar disi4>pearance. 

4. There has been a great discrepancy betwe^i the findings of various 
workers as to the amount of dextrose used by the living heart. Patterson 
and Starling*^ in the most recent work, using a heart4ung preparation and 
correcting for the sugar destroyed in the lung, found very little if any 
sugar used either by a normal or diabetic heart in periods of 1 to 3 hours. 

5. Locke and Rosenheim" and Cruickshank and Patterson** are the 
only workers who hydrolyzed the final perfusates to determine whether by 
so doing there was an increase in the reducing substance present 

6. The observance of aseptic precautions has varied greatly with different 
workers. Maclean and Smedley" and Underbill and Prince*^ alcme state 
that their apparatus was sterilized in an autoclave. In no instance save 
in the experiments of Underbill and Prince is there menticm of scrupulous, 
aseptic surgical technique, and in no instance are bacterial counts given. 

The importance of this last criticism has been emphasized by the 
results of this investigation. Infection of the perfusing liquid occurs 
easily, and its occurrence may account for a slight or even a consider- 
able disappearance of dextrose. Extreme care in sterilizaticm of the 
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Fig. 1. — Diagram of the perfusion apparatus. Reduced to about one- 
sixth. 

A, Reservoir containing the perfusion fluid, consisting of a 400 cc. 
graduated glass bottle with a rubber stopper through which the various 
tubes and thermometer pass. 

B, Artificial lung consisting of a glass cylinder filled with glass beads. 

C, Glass perfusion chamber in which the heart is suspended from the 
bulbHshaped cannula tied in the aorta. The cannula passes through the 
large rubber cork. The fluid after perfusing through the coronary arteries 
flows from the auricles and passes down through the lung into the reservoir. 

D, Glass perfusion chamber in which the pancreas is suspended by its 
mesenteric border to the long glass arm which projects from the rubber 
cork. The cork is perforated by an opening for the escape of oxygen and 
one for transmitting the cannula to the pancreatic artery. The perfused 
fluid drips from the pancreas and flows down through the lung to the 
reservoir. 

E, 3 and 5 c c. Luer syringes acting as pumps, and operated by a motor 
attachment 

Ft and Ft. Glass two-way valves. 

Gi and G,. Glass bottles acting as air-heads. 

H. Double manometer connected with each of the delivery systems. 

7. Reserve reservoir with siphon connection to the perfusion reservoir. 

/. Tube for draining the perfusion reservoir. 

K. Blow-tube for starting the siphon. 

L. Small tube for removing samples of perfusate for analysis. 

O. Oxygen tube. The oxygen bubbles through the reservoir and passes up 
through the column of beads against the stream of perfusate coming down 
from the organs. 
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apparatus and the observance of strict aseptic precautions are neces- 
sary to exclude this factor. All my final experiments were controlled 
by bacterial counts, and those in which the precautions against infec- 
tion were not successful, as shown by the bacterial counts, were dis- 
carded. It seems evident that previous workers have failed to realize 
that not only must ordinary aseptic precautions be used, but that 
only by the minute observance of the most rigid care controlled by 
bacterial counts can bacteria be sufficiently excluded to make the 
conclusions as to sugar utilization in such experiments reliable. 

Apparatus. — ^The diagram of the apparatus used is shown and 
explained in Fig. 1. Extreme care was taken to wash all adherent 
fat and protein from the apparatus inmiediately at the end of each 
experiment. Sterilization was accomplished by fractional steriliza- 
ation in an Arnold sterilizer. Immediately before each experiment 
the apparatus was tested by perfusing several times with sterile 
Locke's solution, containing the percentage of dextrose to be used in 
the experiment. This technique was time-consuming, but was justified 
by repeatedly getting an apparatus, washings from which showed no 
bacteria on agar plates. The temperature of the apparatus and per- 
fusate in all experiments was maintained at 37-38.5^ C. by keeping 
the apparatus in a thermostat. 

Perfusate. — The solution used in all experiments was a standard 
Ringer-Locke's solution of the following formida: Calcium chloride 
0.024 per cent, potassium chloride 0.042 per cent, sodiimi bicarbonate 
0.03 per cent, sodium chloride 0.9 per cent, dextrose (Kahlbaum's 
pure) 0-0.5 per cent (according to the experiment). Locke's solution 
was made up immediately before each experiment from freshly dis- 
tilled water which was sterilized by boiling. The amount of perfusate 
was generally 250 c. c. and was left unchanged during the period of 
perfusion, save for samples removed for analysis. 

Dextrose Determinations. — ^A slight modification of the colorimetric 
method of blood sugar determination described by Lewis and Bene- 
dict ■ was used. The great advantage which the method offered was 
that the small amount of fiuid necessary for analysis did not materially 
diminish the volume of the perfusate, so that hourly observations 
were possible. The results reported in these experiments obviously 
depend on the accuracy of the technique of sugar determination. 
For this reason in the earlier experiments hourly duplicate deter- 
minations were made not only on the perfusate but on the control 
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perfusion and on the original Locke's solution. The average error 
of duplicate determinations practically never exceeded 0.5 per cent 
of the total sugar present. Correction was always made for the 
amount of perfusate removed for analysis in estimating the total 
volume of sugar present in the perfusate. 

Controls. — A small apparatus similar in all respects to the main 
apparatus^ save that it contained no living tissue^ was used in the first 
47 experiments. Its reservoir of 50 c. c. was filled from the main 
apparatus after the heart or pancreas or both had been perfused for 
10 minutes. Thus the control apparatus contained a fluid which was 
inoculated with whatever bacteria were contained in the main per- 
fusate and with whatever enzymes were washed out in that time. 
In no experiment considered was there any change in the reducing 
properties of the sugar in the control perfusion beyond the limits of 
experimental error. 

Bacterial Counts. — ^The plate method of bacterial counting was used 
throughout. Contaminating organisms were usually of the intestinal 
types. Although contamination generally occurred even with the most 
rigid precautions^ it was possible to estimate from the number of 
bacteria present whether tiiey were sufficient to account for a dis- 
appearance of sugar. Six experiments were obtained in which the 
liquid remained entirely sterile for the four-hour period of perfusion. 
Those experiments were discarded in which bacterial contamination 
might in any way be interpreted as having accounted for dextrose 
utilization. 

Hydrolysis. — ^The method of hydrolysis used by Levene and Meyer ** 
was followed : hydrolyzing for two hours with 1 per cent hydrochloric 
acid with a reflux condenser, and subsequently carefully neutralizing 
and bringing to the original volume. It was found that this percentage 
of acid gave the maximal hydrolytic effect. If a polymerization of 
the dextrose into some more complex, non-reducing form occurred, 
hydrolysis should restore it to the simple mono-saccharide. In this 
way it is possible to determine whether the disappearance of dextrose 
is a real utilization or only an apparent one. 

Surgical Procedure. — Small or medium-sized dogs were used which 
had been previously fed on a routine meat-bread diet. Great care 
was observed in shaving and sterilizing the chest and abdomen of each 
dog. All instruments were sterilized by boiling. Rubber gloves and 
sterile gowns were worn by the operator and his assistant. The table 



Digitized by 



Google 



236 Admont H. Clark. 

and animaly except the narrow field of operation^ were covered with 
sterile towels. In a word, every precaution of a major surgical oper- 
ation was used. The dogs were anesthetized with ether. 

Removal of the Pancreas. — ^The removal and perfusion of the pan- 
creas is a simple operation. The abdomen was opened by a transverse 
incision just below the costal margin. The aorta was clamped as it 
emerged from the diaphragm, thus making the subsequent steps prac- 
tically bloodless. The pancreaticoduodenal artery was exposed and a 
cannula placed in it. All the pancreas except the splenic portion, 
which is not supplied by the pancreaticoduodenal artery, was then 
gently removed. The common bile-duct must not be cut. The 
pancreas was then washed in warm sterile Locke's solution and loosely 
suspended by a continuous suture through its mesenteric border to 
the supporting arm of the perfusion chamber, and placed in the 
apparatus, as shown in Fig. 1. The cannida was connected and the 
perfusion started. The procedure can be carried out in less than five 
minutes. A pulsatile pressure whose systolic pressure never exceeded 
40 mm. of mercury was used, and about 20 c. c. of fluid were perfused 
per minute. Carmine gelatin^injections of the pancreas by this method 
showed that there was complete penetration of the fluid to every por- 
tion of the pancreas. 

Removal of the Heart — ^The technique of removal and perfusion of 
the heart scarcely need be described, as it was similar to that used 
by previous workers. The thorax was rapidly opened, the heart 
removed and transferred to a dish of warm sterile Locke's solution, 
where, after washing it free of any excess of blood, the cannula was tied 
into the aorta above the aortic valves. Care must be used to exclude 
air bubbles. The heart was placed in the perfusion chamber and 
perfusion begim at once. This procedure requires about three minutes. 
The heart generally beats vigorously from the first. At the end of 
four hours the heart always showed a varying amount of edema and 
dilatation. As soon as the hearts were allowed to die, however, and 
rigor mortis set in, a considerable amount of this fluid seemed to be 
squeezed out. La addition, every heart was mechanically squeezed free 
of as much fluid as possible. From gross appearance, the heart approxi- 
mated its original size. The error that resulted from this procedure 
must have been slight and fairly uniform for all the experiments. In 
the last 13 experiments the hearts were weighed before and after per- 
fusion, and the results justified the previous method. 
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The amount of fluid perfused through the hearts varied from 20 to 
60 c. c. per minute, according to the size of the heart. To force 
this amount of fluid through the coronary arteries required a pul- 
sating pressure whose systolic pressure varied from 40 to 160 mm. of 
mercury, and the diastolic pressure from 20 to 100 mm. What factor 
caused this variation in the resistance of the coronary arteries has 
not been determined. In all experiments recorded, imless otherwise 
noted, the hearts continued to beat for the four-hour period. 

Perfusion of the Heart and Pancreas. — In a simultaneous perfusion 
of the heart and pancreas from the same animal, the heart was first 
removed and then the pancreas, as described above. The double per- 
fusion is shown in Fig. 1. It is obvious that the intimate mixture 
of the fluids passing through the two organs was practically equivalent 
to a perfusion of the organs in series. If the pancreas was to be per- 
fused first, it was removed and the dog was kept under light ether 
anesthesia until the heart was required. 

Bbsults. 

Pancreas Perfusions. — lEleven experiments were carried out before 
the technique of perfusion was perfected. In these experiments there 
was a distinct disappearance of dextrose from solutions perfused 
through the pancreas. This might have been interpreted as a utiliza- 
tion of, or change in, the dextrose, had bacterial counts not been made. 
Table II is given to illustrate these experiments, and shows that at the 

TABLE II. 
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60,600,000 



end of five minutes the perfusate contained about 350,000 bacteria 
per cubic centimeter. In the first three hours there was a slight drop 
in the precentage of dextrose. In the subsequent three hours there was 
a considerable loss of sugar but the bacterifd counts at the end of this 
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six-hour perfusion showed over 60,000,000 bacteria per cubic centi- 
meter. With perfection of the technique, however, three successive 
perfusions of the pancreas were obtained in which the maximal bac- 
terial count was 1,670,000. In none of these experiments was there 
the least detectable loss of dextrose. Table III shows the summarized 
results, of these experiments. In them it seems evident that when 
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dextrose is perfused through the pancreas there is neither a change of 
the dextrose into a non-reducing form, nor does hydrolysis alter its 
reducing properties. 

Heart Perfusions. — In view of the variations reported by different 
workers as to the amount of dextrose utilized by the surviving heart, 
and in view of the obvious criticisms stated above, it was felt that 
before proceeding to perfuse the heart and pancreas together, it would 
be necessary to determine the utilization of dextrose by the heart 
alone under the conditions used in these experiments. Five successful 
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perfusions of the heart were obtained over a period of four honrsj, in 
which the maximal bacterial count was 216,000 per cubic centimeter. 
Table IV is a condensed chart of these experiments, and they are shown 
in an average curve in Fig. 2. The experiments indicate that during 
the first hour, in averaging the five experiments, the sugar utilization 
was 0.028 mg. per gm. of heart, in the second hour 0.013 mg., in the 
third hour 0.242 mg., and in the fourth 0.415 mg. It was felt that 
this disappearance of sugar in the last two hours was not due to bac- 
terial action, for not only was there no loss of dextrose from the 
control perfusions, but in the perfusions of the pancreas for periods 
of six hours, in which the maximal bacterial count exceeded any of 
those in the heart perfusions, there was no loss of dextrose. In these 
experiments when the final perfusate was hydrolyzed there was no 
definite increase in reducing substance. 

Heart-Pancreas Perfusions, — Six experiments were obtained in 
which the heart and pancreas were simultaneously perfused with the 
same fluid and in which the maximal bacterial coimt at the end of 
four hours was about 800,000 per cubic centimeter. In two of these 
experiments, as will be seen by consulting Table Y, the perfusing liquid 
remained practically sterile Uiroughout. In Experiment 32, the heart 
suddenly stopped at the end of about two and one-half hours. The 
figures, however, are given. The results are diagrammatically shown 
in Fig. 2 and summarized in Table VI. 

TABLH VI. 
Table Comsesuxq thx Risiji.t8 Gn-Eii in Tables III, IV, and V. 
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As the experiments progressed it became apparent^ as shown in 
Fig. %y that a striking phenomenon was occTuring. The disappearance 
18 
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of sugar b^an in the first hour and was greatly in excess of that 
occurring when the heart was perfused alone. In the heart perfusions 
the distinct disappearance of sugar begins late, after the second hour 
of perfusion, but from this point on, during the period of obserration, 
it occurs in an increasing ratio. When the heart and pancreas are 
perfused together, a striking loss of sugar occurs in the first hour, and 
towards the latter half of the experimental period of four hours this 
disappearance of sugar shows a decreasing ratio. Fig. 2 illustrates this 
point The further fact also became apparent that hydrolysis of the 
final perfusates invariably gave a moderate but definite increase in 
the reducing substance. After deducting this amount of reducing 
substance recovered by hydrolysis, the amount of dextrose utilized by 
the heart in these experiments exceeded considerably that utilized by 
the heart alone. This is indicated in the tables and figures. In no 
instance did the control perfusion show any variation in reducing 
sugar beyond the limits of experimental error. From these experi- 
ments, then, it seemed that the pancreas not only enabled the heart in 
some direct way to utilize dextrose, but some alteration in the dextrose 
also occurred whereby it was changed in part at least to a non-reducing 
form which could be transformed back to dextrose again by hydrolysis. 

WAS THIS UTILIZATION OF DEITR08B A TI88UB BXTRACT PHENOMENON ? 

Was the disappearance of dextrose when the heart and pancreas 
were perfused together an effect similar to that obtained when muscle 
and pancreas extracts are allowed to act on dextrose ? A number of 
heart-pancreas perfusions, which were considered as failures because 
the heart stopped beating soon after the perfusion was begun, showed 
practically no utilization of dextrose. The results of four such experi- 
ments are given in Table YII. In Experiment 36 the heart stopped 
beating almost immediately at the beginning of the perfusion. In 
Experiment 62 the heart and pancreas were frozen on removal from 
the body and then perfused. In Experiments 43 and 45 ihe pancreas 
was removed and ground, with all aseptic precautions, extracted with 
Locke's solution, and filtered. The hearts were then perfused with this 
extract. The hearts stopped beating almost instantly, and the per- 
fusion pressures rose to over 250 mm. of mercury. The perfusions 
were continued above this pressure, however. In none of these four 
experiments was there any disappearance of dextrose over a four-hour 
period. 
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Fi0. 2. — Ciinres showlnir the utilization of dextrose when the pancreas Is 
perfosed alone, when the heart is perfused alone, and when the two are 
perfused simultaneously. Note the increase in reducing substance in the 
heart-pancreas perfusions on hydrolysis. 
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Again, in aU the heart-pancreas perfusions reported above, and 
others to be mentioned below, the final perfusates were placed in ihe 
thermostat with chloroform and toluene as preservatives. If the 
dextrose utilization had been due merely to the extracts of the heart 
and pancreas, the disappearance of dextrose ought to continue in the 
fluid after perfusion. It was invariably foimd, however, that not only 
was there no subsequent disappearance of dextrose in these perfusates, 
but that they generally showed an increase in the amount of reducing 
substance present. The immediate cessation of glycolytic action was 
probably not due to the preservatives used, for the experiments of 
most of the workers from Cohnheim to Levene and Meyer have been 
based on the effect of tissue extracts preserved with similar antiseptics. 
It is also to be emphasized that if the disappearance of dextrose was 
due to the tissue extracts, some change might be expected in the con- 
trol perfusions which had passed for 10 minutes through the vessels 
of the two organs. The control perfusions, however, did not show 
any change, and this fact is discussed further below. Finally, in the 
experiments of Levene and Meyer** this phenomenon occurred only 
with strengths of dextrose greatly in excess of the physiological amounts 
used in these experiments, and on hydrolysis they were able to obtain 
practically all the original sugar. In my experiments only a small 
portion of the reducing substance could be recovered by hydrolysis. 
It is believed, therefore, that the results of these experiments indicate 
that the utilization of dextrose in the heart-pancreas perfusions in 
which the heart was actively beating was not a phenomenon similar 
to that obtained when muscle and pancreas extracts are allowed to act 
on more concentrated solutions of dextrose, but that in these experi- 
ments the utilization of dextrose was dependent on the activity of the 
living heart tissues. 

THB PAKOBEAS FIBST PERFUSBD AND SUBSEQUENTLY THE HEABT 
PEEFUSED WITH THE SAME SOLUTION. 

The question next arose as to whether the pancreas supplied any- 
thing to the perfusing Locke's solution which could subsequently cause 
the utilization of dextrose by the heart. Six experiments were con- 
ducted to determine this point. The results are given in Table YIII, 
and charted in Fig, 8. In Experiments 40 and 42 the pancreas was 
first perfused for one hour with Locke's solution containing dextrose. 
The dog was meanwhile kept alive under light ether anesthesia. The 
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Fio. 3. — The average curve of the six experiments in Table VIII. The 
panereas was first perfused for periods yarying from 15 to 60 minutes; it 
was then removed from the apparatus and the heart of the same dog sub- 
stituted. There was no dextrose utilization by the pancreas, but when the 
heart was subsequently perfused with the fluid which had been perfused 
through the pancreas, the heart-pancreas type of dextrose utilization 
occurred. 
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pancreas was then removed from the apparatus, and the heart sub* 
stituted and perfused with the same solution that had been perfusing 
through the pancreas. The utilization of dextrose by the heart pro- 
ceeded exactly as if the pancreas were in circuit, and hydrolysis of the 
final prefusate gave an increase in the reducing substance.' Four 
experiments were then carried out in which the pancreas was first per- 
fused for a period of 15 to 40 minutes with a Locke's solution contain- 
ing no dextrose. The pancreas was then removed from the apparatus 
and sufScient dextrose added to the perfusing solution to give approxi- 
mately the desired percentage. After allowing it to mix thoroughly 
in the apparatus, perfusion of the heart was begun. Again all the 
experiments showed rapid dextrose utilization and, as in the heart- 
pancreas perfusions, hydrolysis of the final perfusates increased their 
reducing properties. Two facts thus seemed evident. First> the pan- 
creas did not alter the reducing properties of the dextrose passing 
through its vessels. Second, the pancreatic factor causing the rapid 
disappearance of sugar was contained in the perfusate and continued 
to act after removal of the pancreas. The pancreas, therefore, had 
furnished some constituent to the perfusing liquid which greatly 
accelerated the utilization of sugar by the heart muscle. 

EFFECT OF HEAT ON PANOBBATIO PEEFUaATES. 

If this pancreatic factor accelerating dextrose utilization by the 
heart is an enzyme, it shoidd be affected by heat ; while if it has a more 
stable character, like adrenalin, it should not be affected by heat to 
any extent. The five experiments cm this point are tabulated in 
Table IX and shown in Fig. 4. In all the experiments the pancreas 
was perfused for 30 minutes and the perfusate was then removed from 
the apparatus. After completion of the pancreas perfusion the appa- 
ratus was carefully washed and sterilized in the steam sterilizer for 
30 minutes. The heart was then perfused with the pancreatic per- 
fusate which meanwhile had been subjected to various degrees of 
heating. In Experiments 51 and 52, the pancreatic perfusate was just 
brought to the boiling point and cooled; in Experiment 55 the per- 
fusate was boiled for 10 minutes. In Experiments 53 and 54 the 
pancreatic perfusates were heated to 56** C. for 30 minutes on a 
water bath, then cooled and perfused through the heart. In all these 
experiments the heart continued to beat during the four-hour period. 
The results were definite, as shown in Fig. 4. When the pancreatic 
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Fio. 4. — Chart of Table IX showins the effect of heat on the pancreatic 
perfusates. The upper curve shows the utilization of dextrose in the experi- 
ments in which the pancreatic perfusate was heated to boiling and cooled 
before perfusion through the heart. The lower curve shows what occurred 
when the pancreatic perfusate was cmly heated to SS"* C. for 30 minutes. 
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perfusate was heated to boiling it lost its power of enabling the heart 
to utilize dextrose. The utilization of dextrose proceeded practically 
as if the heart were being perfused alone. Heating the pancreatic per- 
fusate to 56^ G. for 30 minutes, howeyer, did not cause any inactiva- 
tion. Subsequent perfusion through the heart gave the typical heart- 
pancreas type of dextrose utilization. These experiments, therefore, 
indicated that the pancreatic factor has the characteristic of an 
enzyme in being inactivated by boiling temperature. 

AHOUNT OF PANGBBATIG PBBFUSATB NBOBSSABY TO BNABLB THB HBABT 
TO UTILIZE DSXTROSB. 

In the experim^its shown in Table YIII in which the pancreas was 
first perfused and the same solution was subsequently perfused through 
the heart, the entire pancreatic perfusate of 250 c. c. was used. The 
question arose as to the minimum amount of pancreatic perfusate 
necessary to enable the heart to utilize dextrose immediately. Four 
experiments were carried out, as shown in Table X, and Pig. 5. The 
pancreas was first perfused with 250 c. c. of Locke's solution containing 
0.2 per cent of dextrose. This perfusate was then removed and the 
apparatus was washed and sterilized for 30 minutes to inactivate any 
adherent pancreatic substance. The heart of the same animal was 
then perfused with a fresh solution to which varying amounts of the 
pancreatic perfusate had been added, the total volume of the perfusate 
being made up to 250 c. c. As seen in the curves of Fig. 5, when 10 c. c. 
of the pancreatic perfusate were added, the curve of dextrose utilization 
by the heart is practically the same as if the entire 250 c. c. had been 
used. Hydrolysis of the final perfusates, however, did not give as 
definite an increase in reducing substance as in the typical heart- 
pancreas perfusions. When 5 c. c. and 1 c. c. were used, though the 
utilization of dextrose began within the first hour, it did not proceed 
as rapidly as when the larger amounts were used. These experiments 
indicate that even 1 c. c. of a 250 c. c. pancreatic perfusate added to 
249 c. c. of Locke's solution has a distinct effect in enabling the heart 
to utilize dextrose immediately. 



Digitized by 



Google 



262 



Admont H. Clark. 



*t|tX[Oip/q Xq p«jaAOMi 



*9 *9 j»d i|M)o«g 






'Moiizao 



*o *o i*d ifMpig 



*;jwq ;o 'ma Md 



*aM>j;z»<i 



*» -a Md tfMpig 



*)jiaq ;o 'aJ Md 

pM«»ddW|p MOJ^MO 



-MOi^xao 



*o *9 i»d iiMpvg 



')j«aq |o -vS J»d 
p9Ji»ddnf p Moi^»a 



MOJtzao 



*ao|tn|i9d 
)i««q mpB 01 Mif t woj^Hi 



•»Jt»q |0 )qST*ii 






J o 



§ I 



i 



d 



I 9 S 

1 '>' *=>' 



9 S 



s 



e d 



13 8 



9 s 



« Si 



CO 

d 



■2 CO t* 



s 



Ok O t* 



5 MS 



1 ^ °^ 



I § I 

I d d 



i. 



2 8 g 



*oji 9Q«iSfi»dza[ 



«5 - 



OS ee 

•§ ^ 4 £ 

U U U I 



»:| "cl "sl "c 
S.^ &-S S<^ S.^ 
^~ .£1 .g-s 



iio .Sg 



23 <3:i 



s & s 



Digitized by 



Google 



Heart and Pancreas of Dog in Sugar Metabolitm. 



%6S 



« 

JC 

i 

9 

8 

S 

o 


JO 


vv 










.40 


w 










.60 




**'»cre4» fk 








.80 






\ 






LOO 


\v 




\ 






120 







s 


\ 




L^ 


\ \ 






\ 




L60 


\o 






"> 


•••• 


LdO 


12- 


N 






.-''' 






LOO 


\u 










2JM 


V 










1.^ 


\ 


I 








2JSC 




^^^ 




- 




LM 






"■^--^ 


V 




SDC 








\ 


y 


FiTn© 


TiT* Hour 


S«eoi«dHour 


Third Hour 


TowrthHour 


V4* 



Fio. 6.— Chart of Table X showing the reeolt of adding different amoonts 
of the pancreatic perfusate to a perfusion of the heart from the same dog. 
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INSTABILITY OF THB PANORBA^G PERFUSATE AFTER PERFUSION. 

It was hoped to carry out a number of other experiments which 
would depend on the ability of the pancreatic perfusate to maintain 
its activi^ when kept for 24 hours or more without a preservative. 
To test this, three experiments were carried out The figures are 
shown in Table XI. A pancreas was perfused with 250 c. c. of Locke's 
solution for 30 minutes and the perfusate was placed on ice for 
48 hours in one experiment and 24 hours in two experiments. At the 
end of that time the heart of another dog was perfused with the 
entire pancreatic perfusate^ but with the result that only the heart 
type of dextrose utilization occurred. It hardly seemed probable 
that this could be due to the fact that different dogs were used, but 
rather that the enzyme-like substance had lost its activity during 
these short periods of time. That the perfusates used were originally 
fully active was demonstrated by the fact that they were the perfusates 
which had previously been shown to be highly active. 

THE LATENCY OF SUGAR UTILIZATION. 

An interesting finding which should be mentioned is the fact that 
in the heart-pancreas perfusions no dextrose utilization ever seemed 
to have occurred in the first 10 minutes of perfusion, the period which 
was allowed to elapse before filling the control apparatus. If the 
dextrose had been used by the heart in this time at the same rate that 
it was used in the following hour, the utilization should at least have 
been evident. Even in the experiments where the pancreas was first 
perfused and the heart subsequentiy perfused with the same fiuid, 
there was no evident utilization of sugar during the first 10 minutes. 
In such experiments the hearts must have been supplied immediately 
with an abundance of the pancreatic enzyme. From my experiments 
it cannot be stated how much more than 10 minutes elapsed before 
utilization of dextrose began, for an hour was allowed to pass before 
making another reading. It would seem, therefore, that there is a 
certain latent period before the heart begins to use dextrose, even 
though the dextrose is accompanied by an abundance of the pancreatic 
enzyme. 

SUKKAEY. 

The experiments indicate that the pancreas, when perfused asep- 
tically with Locke's solution containing physiological concentrations 
of dextrose, does not alter the reducing properties of the perfused 
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256 Aclmont H. Clark. 

solution. The pancreas^ however^ seems to supply something to' the 
Locke's solution circulating through its arteries^ which in some way 
brings about a utilization of sugar by the living heart to an extent 
that does not occur with the heart alone. This pancreatic substance 
possesses some of the characteristics of an enzyme. It is inactivated 
by boiling; it is unstable^ rapidly becoming inactive on standing; it 
acts in small amounts; it causes a great acceleration in the rate of a 
reaction which otherwise proceeds slowly, and the rate of reaction 
diminishes as the reaction proceeds. Thus this substance has more 
of the characteristics of an enzyme than of a stable internal secretion 
like that of the adrenal glands. The disappearance of sugar was 
dependent upon the presence of living heart tissue, and it ceased as 
soon as the perfusate was removed from the heart-pancreas circula- 
tion, and did not occur at all when a pancreatic perfusate was passed 
through a non-beating heart. This residt indicates that the reaction 
is not similar to that obtained when muscle and pancreas extracts 
act on more concentrated solutions of dextrose. 

The living heart, in the presence of the pancreatic factor and dex- 
trose, is responsible for two effects. Firsts a condensation of tiie 
sugar to a non-reducing form that yields again a simple sugar on 
hydrolysis, or by simply standing, with a preservative, at 37** C. for 
24 hours. Second, a disappearance of sugar which is probably due 
to its destruction by hydrolysis or oxidation. After deducting the 
reducing sugar in the heart-pancreas perfusions which coidd be recov- 
ered by hydrolysis, the amount of sugar which had actually disappeared 
exceeded that which was used by the heart when perfused with dextrose 
alone. As to the fate of this portion of the sugar, no definite evidence 
was obtained. 

The question arises as to whether this substance obtained from 
the perfused pancreas is identical with the hypothetical internal 
secretion of the pancreas so essential in sugar metabolism. That there 
is an internal secretion of the panceras which can be obtained by this 
method, and that in some way it accelerates the utilization of sugar by 
the living heart, seems evident. Though the conclufiions are based on 
the heart and pancreas isolated from the numerous interrelating factors 
occurring in the body, the evidence suggests at least that the substance 
or substances obtained by perfusing the pancreas may be concerned in 
the normal activity of the pancreas upon sugar metabglism. 
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CONGENITAL ATEESIA OF THE ESOPHAGUS WITH 

TBACHEO-ESOPHAGEAL FISTULA: ASSOCIATED 

WITH FUSED KIDNEY. 

A CASE REPORT AND A SURVEY OF THE LITERATURE ON 
CONGENITAL ANOMALIES OF THE ESOPHAGUS. 

By E. D. PLA88, M. D., 

Instructor in OhatetricSy The Johns Hopkins University, Baltimore, Md. 

{From the Obstetrical Clinic and the Pathological Department of The 

Johns Hopkins Hospital,) 

Introduction. 

Congenital anomalies of the esophagus that result in death shortly 
after birth are relatively rare^ and are of considerable interest both 
clinically and pathologically. Associated anomalies in other organs 
are frequent The following case was observed within the past year, 
and furnished the basis for a study of esophageal malformations based 
upon a thorough search of the literature. It represents the most 
common form of malformation of the esophagus, and the history and 
findings are quite ^ical of the group. 

Cask Repobt. — ^Baby L. (Gen. No. 106,465, Obst No. 7671) was bom at 
10.30 a. m., Dec 2, 1915. The presentation was R. M. A., but the child was 
bom spontaneously after a left-sided episiotomy. The mother was a 34- 
year-old prlmipara who had last menstruated on Feb. 22, 1916. She had 
suffered from a mild toxemia (pre-eclamptic) during the last week of her 
pregnancy, which had been otherwise uneventful. Both the mother and 
the father presented negative Wassermann tests. The pelvis was normal 
and the labor lasted eight and one-half hours. There was a poet-partum 
hem(»Thage of 900 c c. 

The child was a female, 48.5 cm. long and weighed 2650 gm. It was 
slightly a^hyxiated at birth but was resuscitated without difficulty. The 
face was markedly swollen and discolored and considerably bruised with 
an abrasicm <^ the skin radiating from the left comer of the mouth. No 
external abnormalities were noted. The child was rather small but seemed 
vigorous and healthy. 

Because of the edema and bruising <^ the face, the child was not put 
to the breast until 24 hours after birth. During the interval it was noted 
that there was an excess <^ mucus in the throat which periodically impeded 
respiration and produced alarming cyanosis. At the first nursing the 
child took the breast well but immediately regurgitated everything swal- 
lowed. It was still thought that this might be due to edema of the deeper 
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structures. In order to ascertain whether any milk was being retained, 
the child was weighed before and after nursings and no increase in weight 
was noted. On Dec. 6 an attempt was made to feed by gavage; but the 
tube was arrested 12.0 cm. from the gums. A soft rubber 3 mm. and a 
stift silk catheter were tried with like results. The child could swallow 
4.0 or 6.0 c c (three medicine^ropperfuls) of milk and would then regur- 
gitate it all. The regurgitaticm was frequently associated with a good 
deal of coughing. 

Examination <^ the chest at this time showed the percussion note dulled, 
more on the right side. There were coarse loud r&les and groans over 
both fronts and backs. It was noted that the breath sounds could be heard 
unusually plainly over the abdomen. With a small bronchoscope the 
esophagus was examined but no (^>ening below could be found; the trachea 
could not be inspected because of the profuse secretion of mucus. Meconium 
was passed quite regularly and urine was voided normally in small amounts. 
The temperature became elevated 48 hours after birth and continued 
above normal until the time of death. At 11.00 p. m., Dec. 6, a gastrostomy 
was performed without anesthesia. An ounce of milk placed in the stomach 
immediately afterward was retained. The following doming, when the 
st(»nach was washed out through the tube preparatory to feeding, the 
fluid introduced ran out <^ the mouth and nose. This was accompanied 
by a violent coughing spell and marked cyanosis. The respirations be- 
came very shallow and rapid and the weakened child died at 11.45 a. m., 
four dasrs after birth. 

The autopsy was performed at 1.30 p. m. the same day. 

Autopsy No. 4527. — ^The body is that of a four-day-old female child. In 
the upper abdomen slightly to the left <^ the median line there is a fresh 
operative wound, 3.0 cm. long, through which passes a small rubber tube. 
There are many fairly firm, new adhesions between the stcxnach and the 
anterior abdominal wall in the regicm of the incision. The organs are 
normally disposed. The liver extends 4.0 cm. below the costal margin. 
The pleural cavities are free. The thymus is small and appears normal. 
The thoracic and abdominal organs were removed en masse. The bronchi 
were tied oft near the lungs, the operation wound in the stomach was 
closed, the duodenum was severed and 15 per cent gelatin with Berlin 
blue was injected through the pylorus and through the upper end of the 
esophagus. The specimen was cooled, hardened in No. 1 Kaiserling solution 
and after two days was dissected. 

Heart and great vessels^ normal. 

Lunps, normal in size, shape and positioo, with the usual division into 
lobes. Well distended with air. The surface has a deep reddish-purple 
color mottled with light grayish-pink areas which are more numerous 
near the free edges. On cut section the same appearances are noted. 

Kidneys. — ^The two kidneys are fused along their entire median border 
and lie approximately in the mid-line with the great vessels passing 
through a depression on the posterior surface. The right kidney measures 
4.8x2.8x1.0 cm.; the left 2.6 x 2.0 x. 75 cm. The communicating portion 
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l0 2.6 cm« long and only a few millimeters in thickness. There are two 
nreters emerging from the anterior surfaces of the respective portions of 
the kidney. The left ureter passes outward toward the right side crossing 
the median line and then, just below the lower pole, swings back to its 
usual position. The blood supply is derived from two arteries which enter 
near the upper pole and from one artery which enters the lower pole in 
the median connecting portion. 

lAver, pancreas^ spleen, adrenals, intestines and genitalia, normal. 

Head — ^brain removed. Sutures very tight, fontanelles small. No hemor- 
rhages present. 

Microscopic examination: Lungs, — The alvecdi are generally well ex- 
panded and many of them contain a homogeneous-appearing, foreign 
material which stains with hematoxylin. There is no inflammatory reac- 
tion and no evidence of bronchopneumonia except a marked congestion 
cl the smaller vessels. 

The Qther organs are normal. 

EsopKagtLS and trachea, — ^The upper portion of the esophagus ends 
blindly 4.0 cm. below the larynx and 1.7 cm. above the bifurcation of the 
trachea. It is considerably dilated and has a diameter of 1.76 cm. Its 
walls are somewhat hjrpertrophied. The lower portion leaves the stomach 
and goes through the diaphragm normally. It passes up slightly to the 
left but gradually approaches the mid-line and enters the trachea 6.0 mm. 
above the bifurcation. Its diameter is 9.0 mm. at its lower end and 4.0 
mm. at the tracheal end; the greatest diameter being 13.0 mm. a little 
above the diaphragm. The opening in the trachea is 11.0 x 4.6 mm. in size. 
There is no dilatation and no hypertrophy of the walls. Careful dissection 
failed to reveal any connection between the two segments. 

Diagnosis, — Congenital atresia of the esophagus with communication 
between the esophagus and the trachea. 

Fused kidney {Ben informis). 

The case cited above led to a survey of the literature on the subject 
of congenital anomalies of the esophagus, and it was soon found that^ 
while there were many reports of cases and incomplete bibliographies, 
a considerable confusion existed and made the search rather difficult. 
Moreover, there was nowhere a comprehensive bibliography in English, 
although Griffith and Lavenson gave a fairly inclusive list in 1909. 
The discovery of many errors in the various lists made it advisable to 
prolong the search in an effort to consult the original article in each 
case. It is not expected that all the reports have been found, but 
certainly very few have been missed and many errors have been elimi- 
nated. During the search many reports of other early-fatal anomalies 
in the development of the esophagus were discovered and are placed in 
supplementary lists, according to the conditions present. 
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SUBVBT OP THE LlTBRATUBB. 

History. — It is usually stated that the first published case of this 
anomaly is that recorded by Martin in 1821, but W. Thomas cites a 
case which was observed in 1696 by Thomas Gibson. I have been able 
to verify this reference, and the account is so quaint and so typical 
that I quote it verbatim. 

About November, 1696, 1 was sent for to an infant that could not swallow. 
The child seemed very desirous of food and took what was offered it in a 
spoon with greediness, but when it went to swallow it, it was like to be 
choaked; and what should have gone down, returned by the mouth and 
nose, and it fell into a struggling convulsive sort of a fit upon it. It was 
very fleshy and large and was two days old when I was called to it but 
the next day died. 

The parents being willing to have it opened, I took two physicians and 
a surgeon with me. On opening the abdomen flrst, the guts had some <^ 
the meconium remaining still in them, though the child had gone two or 
three times to stooL The stomach had in it a pretty deal of a slimy sort of 
liquid (or gelly rather), somewhat like thick (strained) water-gruel. I 
shall not mention any observation upon other parts of the abdomen, as 
being not to our present purpose. 

Then we cut open the thorax and taking out the gullet (with the wind- 
pipe, lungs, etc.) continued to the stomach. Then we made a slit in the 
stomach and put a pipe in its upper orifice, and blowing, we found the 
wind had a vent, but not by the top of the gullet. Then we carefully ^it 
up the back side (^ the gullet from the stomach upwards, and when we 
had gone a little above half way toward the pharynx we found it hollow 
no further. Then we began to slit it open from the pharynx downwards, 
and it was hollow till within an inch of the other slit, and in the imper- 
forate part it was narrower than in the hollowed. This isthmus (as it 
were) did not seem ever to have been hollow, for in the bottom ol the 
upper and the top of the lower cavity there was not the least print of any 
such thing, but the parts were here as smooth as the bottom of an acorn cup. 

Then searching which way the wind had passed when we blew from the 
stomach upwards, we found an oval hole (half an inch long) on the fore 
side of the gullet opening into the aspera arteria, a little above its flrst 
division, just below the lower part of the Isthmus above mentioned. 

Now, I say, this is a plain confirmation of the foetus's being nourished 
by the mouth; for the gula being impervious. Nature had formed this hole 
in the wind-pipe and gullet for the liquor contained in the amnios to paM 
into the stomach, which it might do without prejudice, or any fear Gt 
choaking in the womb, while the child breathed not; but when it was 
born and came to breathe, there could be no longer any passage this way, 
and so the infant was necessarily famished. 

In 1861 Hirschsprung reported four cases of his own and collected 
10 other cases from the literature. 
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Mackenzie^ in 1880^ was able to find reports of 42 cases in which 
the upper portion of the esophagus had ended blindly and the lower 
portion had entered the trachea (39 cases) or a bronchus (three cases). 
He stated that every reference had been verified personally, but evi- 
dently failed to take into account the fact that several cases had been 
reported by two different observers, and in reali^ he offers only 
37 distinct cases and four of these are rather doubtful museum speci- 
mens. 

Legrand found 46 cases in 1897 ; in 1905 Kreuter collected 65 and 
Happich 57 cases. Four years later, Oriffith and Lavenson were able 
to add 14 cases to Happich's list, making 71 in all. 

Results of the Present Compilation. — ^By taking advantage of all 
the published bibliographies, I have been able to collect more than 
double the number of cases referred to by GriflSth and Lavenson. In 
136 cases I have actually consulted and verified the reference to the 
original article, and in addition have found 13 cases referred to by 
various authors, which could not be verified because of inaccurate 
references or the inaccessibility of the original article. In six cases 
the clinical findings made the diagnosis practically certain, but no 
autopsy was performed or at least no report of the post-mortem find- 
ings was presented. In several reports the authors mention other 
similar cases seen by them but not recorded. 

The following paragraphs are based upon the evidence offered by the 
case reports which have been actually consulted. The unverified cases 
have not been employed in compiling the statistics, but in the bibliog- 
raphy they will be noted under suitable headings. Museum specimens 
are usually under suspicion because so many of them have been 
described elsewhere than in the museum catalogue. The few museum 
specimens which have been included in the verified list are those that 
almost certainly have not been recorded elsewhere. 

Pathological Anatomy. — ^The cases vary in the minor details relating 
to the anomaly, but in general the picture is quite uniform. The upper 
portion of the esophagus ends in a cul-de-sac at varying distances 
below the larynx and above the tracheal bifurcation. In 72 cases the 
length of the upper cul-de-sac below the larynx is noted as follows : 

Cul-de-sac 1.0 to 1.9 cm. long 6 

Cul-de^ac 2.0 to 2.9 ciXL long 14 

Cul-de-Bac 3.0 to 3.9 cm. long 24 

Cul-de-sac 4.0 to 4.9 cm. long 20 

Cal-de-sac 6.0 cm. and over 9 

72 
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The pouch is usually but not always dilated, so that its circumference 
is somewhat greater than that of the normal esophagus and its walls 
are usually hypertrophied. This dilatation and hypertrophy are evi- 
dently the result of the ineffectual attempts of the fetus to swallow 
the anmiotic fluid. Occasionally, as in the cases of Basmussen and 
Yon der Water, there is a fistulous communication between this upper 
portion and the trachea. 

The lower portion leaves the cardia and ascends in its usual position 
xmtil it enters the trachea at or somewhat above the bifurcation, or, 
more rarely, one or the other bronchus. In 96 cases where the point 
of entrance into the respiratory tract is noted we find the following: 

Opening into a bronchos 2 

Opening into trachea at the bifurcation 83 

Opening into trachea between bifurcation and point 0.5 cm. above. 33 

Opening into trachea from 0.6 to 1.0 cm. above bifurcation 12 

Opening into trachea from 1.1 to 2.0 cm. above bifurcation 18 

At its cardial end the esophagus is usually of normal size, but fre- 
quently diminishes in caliber as it ascends and enters the trachea by 
a minute opening. 

The two portions may or may not be connected by a thin strand of 
tissue. Thus, in the list of 136 cases, such a communication was noted 
in 51, while in 41 it was said to have been absent, and in the remain- 
ing 44 there was no note concerning its presence. In 26 of the 51 
cases it consisted of muscle fibers; in 13 it waa fibrous; in three con- 
nective tissue, and in the remaining nine it was merely called a ** strand 
of tissue.** It would seem that some connection should always exist, but 
in many cases, as in the one herewith reported, no such band could be 
demonstrated. 

The tracheal opening varies in size with the diameter of the upper 
portion of the lower segment. The edges of the openings are always 
smooth, and the mucous membrane of the two tubes is uninterrupted. 
The muscular walls of the two passages frequently blend without any 
line of demarcation. Occasionally rudimentary tracheal cartilages have 
been found in the tracheal portion of the esophagus. 

Other anomalies of development are frequently present. In this 
series their presence or absence was noted in 94 cases, and in 59 of these 
they were present (patent foramen ovale and ductus arteriosus are 
not classed as anomalies). By far the most frequent associated 
abnormity is atresia ani ; it was noted in 24 cases. 
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The presence of an increased amount of amniotic fluid (hydranmios) 
was noted in only nine cases, and this condition seems to be a mere 
coincidence rather than a result of the inability of the fetus to swallow 
the fluid and eliminate it by the blood stream. On the other hand, 
the dilatation and hypertrophy of the upper cul-de-sac are evidences of 
an attempt to swallow. The logical deduction from these two observa- 
tions is that normally the quantity of fluid is regulated by absorption 
through the gastro-intestinal tract, but that, when this fails, absorption 
takes place through some other channel, or the formation of fluid is 
checked. Gibson's theory that the child swallows the fluid by way of 
the trachea seems hardly tenable, in view of the fact that lanugo hairs 
are usually absent from the meconium and that hydramnios is no more 
common in the cases of atresia vrithout an associated tracheo-esophageal 
fistula. 

Etiology. — It is now generally conceded that the anomaly is due 
to a developmental error rather than to an intra-uterine inflammatory 
process, as was at one time argued. It must arise at a very early stage 
in the development of the fetus, because in 4.0 mm. long embryos the 
trachea is quite separate from the esophagus. In the Harvard Embryo- 
logical Collection there is an embryo only 18.1 mm. long which shows 
the abnormity. Keibel and Mall say : *^ To produce the common form of 
the anomaly, the lower portion of the tracheo-esophageal septimi must 
fail to develop, thus leaving the esophagus in commimication with the 
lower part of tiie trachea.*' Zeit says : ** Arrested development of the 
lateral ridges which imite incompletely in the mid-line, as the lateral 
tracheal and dorsal esophageal tubes are forming, would explain the 
fistula but not the atresia. In order that boiii atresia and fistula be 
caused by one factor, a faulty * Anlage ' with resultant malformation 
must have existed.'* Shattock's vridely quoted explanation is as fol- 
lows : " At the time when the pouch from which the lower air passages 
develop is formed from the anterior wall of the stomadeum, the poste- 
rior wall occasionally participates in the process sufficiently to be drawn 
forward, thus narrowing the lumen. When, subsequently, the lateral 
pouching for the formation of the larynx develops from the stomadeum 
just above this region, so much of the already narrowed lumen is con- 
sumed that the connection between the upper and lower portions is 
left communicating with the air passages.*' Keith and Spicer lay stress 
upon the presence of an anomaly of the great vessels in the thorax 
whereby there is present a right aortic arch and the left subclavian 
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artery arises last from the arch of the aorta and passes behind the 
trachea just below the cnl-de-sac of the esophagus thus reaching the left 
arm. This has been noted so rarely that it seems more probable that it 
is a concomitant anomaly raiiier than a causative factor. 
. No predisposing factors have been advanced and no two definite 
cases have been reported in the same f amily, although in a few instances 
it is stated that previous children had had some congenital abnormality. 
The father of the child reported by MoreU Mackenzie stated that a 
former wife had given birth to a child which died after 19 days with 
exactly the same symptoms. In view of the long duration of life and 
the absence of other evidence, it seems probable that the condition was 
not the same. 

In 37 cases the sex of the child is stated, and they are practically 
evenly divided — 18 males and 19 females. 

The abnormality apparently has little effect upon the duration of 
the pregnancy, for in 72 cases the child was said to be at term, in 22 
premature, and in the remaining 42 there was no statement. 

Symptoms. — The usual signs and symptoms are: (1) Asphyxiation 
at birth, due to mucus in the nose and throat; (2) choking attacks 
due to an accumulation of frothy, mucous saliva which cannot be 
swallowed; (3) regurgitation of all liquids after a small quantity has 
been swallowed; (4) inability to pass even the finest catheter (the 
height of the obstruction varies somewhat, but the catheter is usually 
arrested at a point 9.0 to 11.0 cm. from the alveolar margin) ; (6) the 
stomach is seen to inflate with each inspiration; (6) meconiimi is 
passed but there is no change in the evacuations even though the child 
lives for several days ; examination of the meconium reveals the absence 
of lanugo hairs; (7) the breath sounds are more audible than normal 
over the abdomen; (8) rattling, whistling or noisy respirations fre- 
quently occur; (9) cyanosis, which recurs periodically, is quite a con- 
stant feature; (10) urine is voided as usual, but after a few days 
becomes minimal in amount. 

Course of Events, — ^There is a progressive loss of weighty more 
marked during the first few days, and frequently accompanied by an 
elevation of temperature (inanition fever). If no complications arise, 
the child may live as long as 14 days, but in no case on record has life 
been prolonged for a greater period. There is great danger of broncho- 
pneumonia developing as a result of the aspiration of infected material 
from the mouth, and many deaths are directly attributable to this dis- 
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Viscera or the Present Case. (Posterior View.) 

X=the point of entrance of esophagus into tractiea. The 
BtfHnach, trachea and esophagus have l>een injected. 
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ease. It is evidenced by the usual signs and symptoms, which may be 
masked behind the respiratory sympt<Hn8 due to the anomaly. In the 
weakened condition of the patient, tiiis complication invariably hastens 
the fatal outcome. The day of death as given in the 136 cases consid- 
ered is as follows : 

Still-born 6 Sixth day 16 Bleventh day 

First day 15 Seventh day 7 Twelfth day 

Second day 18 Bighth day 6 Thirteenth day 

Third day 13 Ninth day 4 Fourteenth day 

Fourth day 14 Tenth day 8 Day not given 1< 

Fifth day 12 

Tre-atment. — No treatment has yet been devised that is of any per- 
manent value. The only hope of rational therapy lies in advances 
of surgery within the thorax. The medical expedient of rectal feedings 
may prolong life for a few hours or days, but its possibilities are 
limited. Gastrostomy is absolutely futile as is attested by the 16 cases 
in which it has been tried witiiout any success. Fundamentally, jeju- 
nostomy is a better procedure, because it obviates the back flow through 
the esophagus into the trachea which has been noted in the majority of 
the cases where feeding has been attempted through a gastrostomy 
wound. I can find only one case on record where a jejunostomy was 
performed and it was not a success. At best these procedures have 
little to recommend them, and until some method of attacking the lack 
of continuity of the esophagus has been devised, it seems better to allow 
the little patients to die as quietly as possible. 
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nedre del communicerar med luftroret." Upsala Lakare- 
forenings Forhandlinger, 1869-70, V, 386. 
♦ Nordiskt medic. Arch., 1870, II, Nr. 27, 10. 
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B. VERIFIED OASES WITH NO AUTOPSIES. 

119. ♦And^rodias, M. J.: "Malformation des voies a^riennes et 

digestives sup^rieures chez un enfant nouvean-n^. Imper- 

foration de Poesophage et communication oesophago- 

trachdale.'' 

Joum. de mM. de Bordeaux, 1913, XLIII, 646. 

120. ♦Dam : " Cas d'imperf oration de Poesophage.'^ Progris medical. 

Beige, 1906, VIII, 111. 

121. ♦Lbgrand, C. p. : {hoc. cit., 63.) Unedited case of M. Oti 

122. ♦Schmorl: **Einer Pall von angeborener Atresie der Speise- 

rohre.^' Centralblatt fiir Gynak., 1901, XXV, Nr. 1, 408. 

123. ♦Thomas, W.: "On congenital occlusion of the oesophagus.^' 

Lancet, 1904, No. 1, 361. 
♦ Brii Med. Journ., 1903, No. 2, 1532. 

124. ♦WuNSCH, M.: **Ueber einen angeborenen Bildungsfehler der 

Speiserohre (wahrscheinlich angeborener Verschluss der- 
selben).'' Med. Klinik, 1907, III, 389. 

c. unverified oases. 

125. Birch-Hirschfelj): BerL klin. Wchnschr., 188, 1880, p. 377. 

(Hoffmann.) 

126. Hirschsprung: "Den medf0dte Tillukning af Spi8er0ret'' 

(4 cases). Diss. Kopenhagen, 1861. (Hoffmann, Kreuter.) 

127. Martin : Observateur des sciences m^icales, Marseille, Juillet, 

1825. (Hoffmann.) 

Expose des travaux de la Soc. roy. de m6d. de Marseille, 

1821, p. 44. (Kreuter, Legrand, Weber.) 

128. Meier, R. : Berichte iiber die Verhandl. der naturforsch. Qesell- 

schaft zu Preiburg, I B., Bd. 2, 1862, p. 205. (Hoffmann, 
Kreuter, Happich.) 

129. Melkins: Annals of Gynecology, Nov. 8, 1890. (Weber, 

Wunsch.) 

130. Rudinger : " Ein Pall von congenitaler Atresie des Oesophagus 

mit Tracheo-oesophagealfistel.^' Diss., Miinchen, 1897. 
(Kreuter, Happich.) 

131. Stbenberg: Published by Hirschsprung. (Hoffmann, Kreuter, 

Legrand.) 

132. Sutton (Bland) : Soci6t6 de pathologic de Londres. (Hoff- 

mann.) 
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133. VON DKE Water, B. : ** A angeboren onvollkommen Sliitiiig van 

den Slokdarm/^ Diss., Leyden, 1857. (Kreuter, Weber.) 

134. Bibliothek for Laeger, 1845, 3. (Hoffmann.) 

D. MUSEUM SPECIMENS WHICH MAY OR MAY NOT HAVE BEEN DESCRIBED 

ELSEWHERE. 

136. Catalogue of the Eoyal College of Surgeons of England, London, 
1872, Teratological series, p. 91, Spec. Nos. 394, 395 and 
396. (Lamb, Hoffmann.) 

136. Catalogue of the Royal Coll. of Surg, of Ireland, Dublin, 1834, 

Anatomy, Vol. I, p. 152, Spec. G. a. 53. (Lamb, Hoffmann.) 

137. Catalogue of the Boston Soc. of Med. Improvement, Boston, 1847, 

p. 128, Spec. Nos. 456 and 457. (Lamb, Hoffmann.) 

ERRORS DISCOVERED IN PREVIOUS BIBLIOGRAPHIES. 

In several instances the same case seems to have been reported inde- 
pendently by two or more observers, while in other instances iypo- 
graphical and other errors have been carried along from list to list for 
years without correction. It has seemed best to make specific mention 
of the most noticeable of these errors, but not to do so in the cases with 
incorrect volume and page numbers only. 

Thus, there are references to reports by Ayres and by Quain, many 
authors considering them separate cases. As a matter of fact, the 
case was observed by Ayres and was reported by him {loc. cit.. No. 3). 
Later in the same year, Quain reported the case for Ayres at a medical 
society meeting, and the proceedings appeared in his name (loc, cit. 
No. 85). Moreover, there is good reason to believe that this specimen 
was placed in the Museum of the College of Surgeons of England and 
was described in the Museum Catalogue {loc. cit.. No. 135). 

There is evidence to show that Pinard and Tamier saw a case 
together in 1873 and both reported it. Tarnier^s account {loc. cit.. 
No. 100) reads almost exactly like Pinard's {loc. cit.. No. 79). The 
weight of the child, 3590 gm., the successful operation for atresia ani 
and the peculiar fissure between the esophagus and the trachea point to 
there having been one case only. 

Tamier {loc. cit.. No. 99) reported a case with no unusual features, 
and Blondeau {loc. dt. No. 5) reported a similar case. From the 
latter^s description it seems certain that it was the same case that 
Tamier recorded. 
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Bowes* case {loc, cit. No. 8) has resulted in considerable confusion. 
The title reads, " by C. K. Bowes, Oxon.,'* and the Germans especially 
have taken the " Oxon *' as the last name of the author, and by cor- 
rupting it to " Axon ** have given it a place in their literature. Fre- 
quent references are made to two cases, Bowes' and Axon's. 

Tuck's case {loc. cit. No. 104) has caused even more confusion. 
Through an uncorrected typographical error. Tuck has been changed 
to Fuck, and as such is quite generally referred to, particularly by the 
German authors. Furthermore, English and American bibliographers 
have accredited the case to Richardson, the secretary of the society 
before which the case was presented by Tuck. 

The specimen in the Dupuytren Museum {loc. dt. No. 18) is said 
to have been presented by Padieu, who described it in 1835 {loc. cit.. 
No. 74). To further complicate the situation, Cruveilhier {loc. cit., 
No. 14) describes the same museum specimen. In consequence most 
authors (Mackenzie, Hoffmann, Kreuter, Happich and Legrand) make 
this single specimen represent two and sometimes three separate ones. 

Houston's specimen {loc. cit.. No. 40) was placed in the Museum of 
the Royal College of Surgeons of Ireland and was described in their 
catalogue {loc. cit.. No. 136). Mackenzie and Hoffman make two cases 
of this by citing both references. 

The two cases reported by Marsh {loc. cit., No. 64) are frequently 
referred to under the name of Ilott. As a matter of fact, Marsh 
reported them and they should be in his name. 

Weber is the authority for the statement that Spec. No. 395, in the 
Catalogue of the Museum of the Royal College of Surgeons of England 
{loc. dt.. No. 135), was described by Hirschsprung in 1861 as one of 
his four cases. 

The case of Povis, mentioned by Marsh, Happich and Weber, is the 
result of a typographical error; the references are to the article by 
Porro {loc. cit.. No. 83). 

Viggo-Bendz's report {loc. cit.. No. 106) has been the source of some 
confusion, some authors referring to Viggo, some to Bendz and rarely 
to both. 

Kreuter ascribes three cases to Mondifere {loc. cit. No. 67), whereas 
this author described but two of his own cases and mentioned the 
recently recorded one of Houston in his article. 

The specimen described by Vrolik {loc. cit.. No. Ill) is undoubtedly 
the same as that offered by Tilanus {loc. cit., No. 102). 
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The reports by Villemin {loc. cit. No. 107), Villemin and Levassenr 
{loc. cit.. No. 108) and by Demoulin {loc. cit.. No. 16) all refer to 
the same ease. 

The various museum specimens have mostly been described by the 
individuals who presented them. The two in the Museum of the Boston 
Society of Medical Improvement and the one in the Army Medical 
Museum, Washington, D. C, are the only ones that seem not to have 
been independently described. In the last case, Dr. Lamb, who per- 
formed the autopsy, assured me personally of this fact 

In addition to these errors and reduplications, I found many minor 
mistakes, such as volume, year and page numbers, and have, where 
possible, corrected them. In some cases I have found the given ref- 
erence incorrect, but have failed to make the necessary correction. 
Thus, the report of Melkins, referred to by Weber, Wunsch and others, 
could not be found after a prolonged search. The same thing is true of 
the case of Birch-Hirschfeld (Hoffmann, Wittenrood), and of that in 
the Bibliothek for Laeger (Hoffmann). Wittenrood and Hoffmann 
refer to a case by Bland-Sutton in the Trans. Path. Soc> London, but 
give no more data and the case could not be found. Five other reports, 
those of Hirschsprung, Martin, R. Meier, Rudinger and von der Water, 
were not available. 

SUPPLEMENTARY BIBUOGRAPHY. 

II. Imperforation of the Esophagus with Formation op Upper 
AND Lower Cuit-db-Sacs. 

A. TWO SEGMENTS CONNECTED BY A STRAND OF TISSUE. 

138. Albers: " Erlauterungen zum Atlasse der path. Anatomic.*' 

Bonn, 1839, 3. Abt., p. 296, Taf. XXIV, Fig. 2 
(von Lusehka). 

139. In Porster's ^^ Missbildungen des Menschen.** Jena, 1865 

(Annandale). 

140. ♦Hirschsprung, H. : " 31 Tilfaelde af medf0dt Forsnaevring 

af Spi8er0ret.'' flosp.-Tidende, 1895, 4R., Bd. Ill, p. 1149. 

141. ♦Lallemand: ''Observations pathologiques propres k 6clairer 

plufiieurs points de'' pathologie.'* Th^se de Paris, 1818. 
(Pamphlets, Vol. No. 1058, p. 47. — Surg. Gen. Library, 
Washington, D. C.) 

142. ♦Logan, J. R. : '' Case of congenital occlusion of the oesopha- 

gus.'^ Liverpool Med.-chirurg. Joum., 1893, XIII, 495. 
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143. ^Marsh^ J. P. : '^ Congenital absence of the entire oeeophagos^ 

with report of a case/' Amer. Joum. Med. Sciences^ 1902, 
CXXIV, 304. 

144. ♦Mason, F. : " Malformation of the oesophagus.*' Association 

Med. Jonm., London, 1855, 1, 564. 

145. ^Phillips, J.: ^'Congenital malfonnation of the oesophagus, 

with report of a case.'' Arch, of Pediatrics, 1908, XXV, 267. 

146. *BoDERER, J. G.: "De foetu parasitico," Comm. Sc. Oott, 

t. IV, p. 136. 

♦ Eef. in Meckel's Handbuch der path. Anat, Leipzig, 

1812, Bd. I, p. 494. 

147. ♦Shattock, S. G.: "Congenital atresia of the oesophagus." 

Trans. Path. Soc. London, 1890, XLI, 87. 

B . NO CONNBOTION BBTWBBN THB TWO SBQKSNTS. 

148. *Grik8dale, T. B. : " Two cases of congenital malformation of 

the alimentary tract " (1 case). Liverpool Medic.-chirurgic. 
Joum., 1892, XII, 259. 

149. ♦HoLSTON, J. G. P. : ** Congenital malformation of the oesopha- 

gus." Med. and Surg. Eeporter, Phila., 1866, XIV, 336. 

150. *Matthiessbn, C. R. : " Congenitum oesophagi vitium in neo- 

natis observatum " (2 cases). Diss., Kiel, 1855. 

151. ♦Sick: "Bin Pall von Atresie des Oesophagus und Anus." 

Miinch. med. Wchnschr., 1900, XLVII, Nr. 1, p. 170. 

152. ♦Steele, C: ''Case of deficient oesophagus." Lancet, 1888, 

No. 2, p. 764. 

153. ♦Wabnbr, T. : " Interesting case of oesophageal arrest of devel- 

opment." Lancet, 1839-40, II, 463. 

154. ♦Wtleb, B. : *' Bin Fall von congenitaler Atresie des Oesopha- 

gus und Duodenum." Inaug. Diss., Zurich, 1904. 

III. Imperporation with Formation of Upper Cul-de-Sac Only. 
A. connected with stomach by a solid strand. 

155. ♦Cleaver; " Arrested development of the oesophagus." Lancet, 

1892, No. 1, 805. 

156. ♦Kraus, F.: "Die Erkrankungen der Mundhohle und der 

Speiserohre." Nothnagel's Spec. Path, und Therap., Wien, 
1902, XVI, p. 96. (Grazer Musealpraparat, No. 4479.) 
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157. ♦LiCHTY, D. : " Congenital absence of the oesophagus/' Jonm. 
Amer. Med. Assoc., 1896, XXVII, 430. 

168. ♦Papbnstbchbr: "Vice de conformation de Poesophage et de 

Pestomac.'' Arch. g6n6r. de m6d., 1829, XXI, 116. 
Abst. in Siebold's Joum., 1830, IX, 112 (Weber). 

B. NOT CONNECTED WITH THE STOMACH. 

169. ♦Brodie, B. C. : " D^nn foetus humain dans lequel le coeur et le 

foie manquaient enti^rement** Joum. de m6d. chir. et 
pharmacie, etc., 1810, XX, 281. 
♦ BibUoth^ue ni6dic., 1810, XXX, 381. 

160. ♦DuKSTON, G.: "Transactions philosophiques, .Ann., 1670, 

No. 65.'^ Collection acad&n. part. 6trang6re, 1766, t. II, 
p. 288. 

161. Mabbioubs: M6m. Prfa., t. IV, p. 123-128 (not available). 

♦ Ref. in MeckeFs Handbuch der path. Anat., Leipzig, 

1812, 1, p. 496. 

Neue Ztschr. fiir Geburtskunde, VI, p. 266 (Witten- 

rood). 

IV. Esophagus Entibelt Missing. 

162. ♦Aldbovandi, U.: "Monstrorum Historia.'' Bononiae, 1642, 

p. 402. 

* Cited by Tiedemann : ^* Anatomic der Kopflosen Miss- 

geburten.*' Landshut, 1813, p. 7. 

163. Catalogue of the Museum of the Army Med. Dept., Fort Pitt, 

Chatham, London, 1846, p. 386, Spec. No. 2707 (Lamb). 

164. CooPEB, Sib A. : (The original article could not be located.) 
♦ Bef. in London Med. Eepository, 1822, XVIII, 174. 

* Bef. in London Med. and Physical Joum., 1823, 

XLIX, 10. 

Bef. in Huf eland's Journ., 1821. (Failed to locate.) 



166. *Lozach: Joum. universel des sciences mMicales, t. Ill, 187. 

166. *Mbllob: " Malf onnation of the oesophagus.*' London Med.^ 

Gaz., 1840, n. s., II, 642. 

London med.-chir. Beview, Oct. 1840 (Legrand). 

♦ Abst. in Arch. g&i6r. de m6d., 1840, 3me s^rie, IX, 322. 

167. ♦MoNDiiBB, J. T. : *' Notes sur quelques maladies de Foesoph- 

age.*' Arch. g6n6r. de m^., 1833, 2me sine, II, 604. 
Abst. in Schmidt's Jahrbuch, 1834, I, 30 (Hoffmann). 
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168. ♦Sondkbland: "Observation sur un enfant qui est venu au 

monde privi d'oesophage^ et qui a vicu huit jours.'' Joum. 
compl^entaire du dietionaire des sciences m^cales, 18^, 
Vni, 369. 

Eef . in Harleps-Eheinischen Jahrbiichem, Bd. I, St 2, 

p. 198 (Weber). 

V. Esophagus Bepbbsentbd by a Solid Coed Thboughout. 

169. *Pab80N8^ J.: "Congenital stricture of the oesophagus." 

New York Med. Eecord, 1866, 1, 294. 

170. ♦Toujan: "Deux cas de monstruositfe foetales." Ann. de 

Gyn6c., 1892, XXXVIII, 38. 

171. Van Ceutck : Bull, de la Soc. d'6mulat de Paris, 1824, p. 251 

(Ereuter, L^^nd). 

♦ Eef. by Andral: "Pr6cis d'anatomie pathologique.** 

Bruxelles, 1837, I, 475. 

VI. True Tbacheo-Esophageal Fistula; Tbachba and Esophagus 

Othebwisb Nobmal. 

172. ♦Lamb, D. S. : "A fatal case of congenital tracheo-oesophageal 

fistula." Phila. Med. Times, 1873, III, 705. 

VII. Complete Obstbuotion of the Esophagus by a Diapheagk- 

LiKE Mehbbane. 

173. ♦Bossi, Fb. : " Observations sur quelques vices de conformation, 

etc." Arch. g6n6r. de m6d., 1827, XV, 270. 

ADDITIONAL RBFERENCB8. 

174. Blasius, Gee. : " Observata anatom. practica in homine, etc." 

Lugd. Batav. et Amstel., 1674, Tab. XV, Fig. 6 ( Wittenrood, 

Happich). 
" Observata med. rarior." Amstelodami, 1677, Pars IV, 

Tab. 6, Fig. 2 (Wittenrood). 
Describes a case of doubling of the esophagus in a new bom. 
176. ♦BiCHTEB, C. F. : " Dissertatio medica de infanticidio in artis 

obstetriciae exercitio non semper evitabili." Leipzig, 1792. 
Weber says there was a peculiar abnormity whereby the trachea 

and esophagus formed a single sac. 
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176. ♦Tbnon : ^* Agneau monstreux." La m^decine iclairte par les 

sciences physiques, 1791, t. I, p. 301. 
This article is widely quoted but really refers to an esophageal 
anomaly in a lamb. 

GENERAL UTBRATURE ON THE SUBJECT. 

177. ♦Baillib, M.: "The morbid anatomy of some of the most 

important parts of the human body.*' London, 3d edition, 
1807. 

178. ♦Ballantyne: ** Antenatal pathology and hygiene.*' Edin- 

burgh, 1904, p. 462. 

179. Babbal, 6.: "Des diverses yari^t^ du r^tr^cissement de 

Pcesophage.'' Thtee de, Paris, 1886. 

180. B^OLABD, C. M. : " Traits des maladies des enfants nouveau-n6s 

et i la mammelle.'' Bruxelles, 1835. (Paris, 1828.) 

181. BiLLAKD : " Maladies des nouveau-n^s.'* Paris, 1828. 

182. ♦BiRCH-HiESCHFBLD : ''Handbuch der path. Anat., Leipzig, 

1895, Spec. Theil, II Halfte> p. 608. 

183. ♦BiBNBAUM, K.: "Malformations of the fetus.'' Trans, by 

G. Blacker, Phila., 1912. 

184. ♦Eppstbin: In Kleb's "Handbuch der path. Anatomie." 

Lfg. VII, p. 254. 

185. ♦Etquem: "Des malformations congfeitales de I'oesophage.'' 

Th^se de Paris, 1876. 

186. ♦Pfta^, Ch.: "Anomalie de Toesophage." Bull. Soc. anat. de 

Paris, 1878, 4me s^rie, t. Ill, p. 466. 

187. ♦Pleischmann : " Bildungshenmiungen der Menschen und 

Tiere." Ntimberg, 1833, p. 360. 

188. PoLLiN, E. : " Des r6tr6cissements de I'oesophage. Paris, 1853, 

p. 37. 

189. ♦PoRSSNKE, N". M.: "Die angeborenen Darm- und Oesopha- 

gusatresien." Anat. Hefte, 1907, XXXIV, Abt. 1, 1-163. 

190. ♦F5RSTEE, A.: "Die Missbildungen des Menschen." Jena, 

1865. 

191. ♦GiPPHORN, H.: Loc. cit, 

192. ♦HoLiCBS, T. : " The surgical treatment of diseases of infancy 

and childhood." London, 1868. 

193. ♦Kbibel and Mall: "Human Embryology." Phila., 1912, 

Vol. II, p. 312. 
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194. EoBNio: ^'Die Erankheiten des unteren Theils des Pharynj: 

xind Oesophagus.^ Deutsche Ghirorgie, 1880. 

195. ♦Keaus, p.: Loc. cU. 

196. Krsuter, £. : '^ Ueber den soliden Oesophagus der Selachier.'^ 

Diss., Miinehen, 1901. 

197. ♦ ** Die angeborenen Verengerungen und Verschliessungen 

des Darmkanals im Lichte der Entwiddungsgeschichte.'^ 
Diss., Leipzig, 1905. 

198. Mbubon, p. : *' Sur le d6veloppement de Toesophage.*' Compt. 

rend. hebd. d. s&nc. de FAcad. d. Science, Paris, 1886, 
t. CII. 

199. Pbbnant: " Elements d'embryologie.*' Paris, 1896, t. 11. 

200. Reynier: ^' D^veloppement de la partie sus-diaphragmatique 

du tube digestif .** Th^ de Paris, 1883. 

201. BuBELLi: "Ueber den Oesophagus des Menschen und der 

Hausthiere.'* Arch. f. wissensch. und praktische Thierh., 
Berlin, 1890, XVI, 161. 

202. ScHBiDDLB, H. : " Ueber die Magenschleimhautinsein, etc., in 

oberen OesophagusteiL*^ Virchow*s Arch., CLXXV, 1. 

203. ♦Zieglkr: "Lehrbuch der allgemeinen Path, und der path. 

Anatomic.** Jena, 1898, II, 498. 

204. ♦Zbit, P. R.: "Congenital atresia of the oesophagus with 

oesophago-tracheal fistula.*' Joum. of Med. Research, 1912- 
13, XXII, 46. 
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ECTOPIA CORDIS, WITH A REPORT OF A CASE IN A 
15-MONTH-OLD INFANT. 

By JAMES B. HOLMES, M. D., Baltimore, Md. 

(From the Harriet Lane Home and the Department of Pathology of The 
Johns Hopkins University.) 

The temi ectopia cordis is used to designate a displacement of the 
heart so that the organ passes out of the thorax, and comes to lie either 
upon the outer surface of the body or in the abdominal cavity. Three 
forms are recognized: (1) The cenncal heart, in which the organ lies 
high up in the neck; (2) the pectoral heart with fissure of the sternum, 
and (3) the abdominal heart, in which the organ has passed through 
a defect in the diaphragm and into the abdominal cavity. Such 
anomalies are by no means extremely rare, being encountered in both 
men and the lower animals. They are found most frequently in pre- 
maturely-born fetuses and are often associated with other anomalies. 

The anatomist Haller (1706) described one of the cases. Peacock,^ 
in 1866, cited 13 cases and described a fourteenth. Ballantyne (1904) 
mentioned nine additional cases. Another case was described in^the 
same year by Goode. Other American cases are those reported by 
Holt, Jacobi, Ellis and Welch. 

The following case was observed in the service of Dr. Howland in 
the Harriet Lane Home. The child was first seen in the out-patient 
department when 7 weeks of age. The family history was negative. 
There was no history of lues. The child was bom at full term and, save 
that the cord was said to be broken and bleeding, the birth was normal. 

Immediately after birth a pulsating mass was noticed in the epi- 
gastrium (Fig. 1). This was "raw'' and bright red. Soon after 
birth a scab formed, which came off and was replaced by another 
smaller scab at each dressing. After four weeks the mass became cov- 
ered with skin. Cyanosis was not observed in the infant. She devel- 
oped normally. 

At 7 weeks of age the following conditions were noted : 

Precordial dulness extends 2.5 em. to the right of the median line and 
2.5 cm. to the left. It extends upward to the 4th interspace. From the 
upper border of the precordial dulness to the apex of the heart is 6 cm. 
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The apex can be felt in the median line 2 cm. above the umbiliciis and 5 cm. 
below the nipple level. The xiphoid process of the sternum is absent; the 
lower end of the sternum is notched. The action of the heart is regular. 
The sounds are clearly heard. A loud systemic murmur is heard over the 
precordium and also over the entire front of the chest. 



Fig. 1. — Photograph of the Patient. — The tumor mass 
in the epigastrium is seen emerging from under the 
costal angle and extending downward almost as far 
as the umbilicus. 

The child was seen from time to time, and the feeding regulated. 
Her condition remained excellent, but the gain in weight was slow. 
When nearly 1 year of age she weighed a little over 14 pounds, the birth 
weight having been 7^ pounds. 
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When seen late in the ninth month it was noted that the child 
occasionally became blue in the face and lips when crying vigorously. 
Also, that the breath sounds in the right back and axilla were somewhat 
less intense than in the corresponding areas on the left side, and that 



Fig. 2. — X-ray Photograph of Patient. — Shows enlargement of the heart 
to the right and lines suggestive of a defect in the diaphragm. 

the left pupil was larger than the right and somewhat irregular in 
outline. 

A fluoroscopic examination (Fig. 2) at this time showed the heart to 
lie toward the right side and, apparently, entirely above the diaphragm. 
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The aorta was in the normal position, as were the stomach and liver. 
The diaphragm was seen running normally ; the left dome appeared to 
reach a little higher than usual. It was thought that there was probably 
an extension of the pericardium into the pulsating tumor or sac. 

When a little over a year old the child suddenly developed pulmonary 
symptoms, with fever and convulsions, and was treated at home first 
for " bronchitis *' and then for " pneumonia " ; after which the tem- 
perature was said to have returned to normal. Two weeks later the 
child was admitted to the hospital with a temperature of 103.8° F. 

On admission, the child, aged 14^ months, presented signs of pneu- 
monia at the left base ; later, signs of fluid appeared. 

The cardiac findings may be described as follows: There was a 
defect of the anterior abdominal wall in the epigastric region, about 
6 cm. long in the vertical diameter and 4 em. wide. The xiphoid 
process of the sternum was absent, and the costal margins were con- 
tinuous in a gently rounded notch. From this notch, a rounded, 
vigorously .pulsating tumor projected downward in the median line, 
being about 4 cm. long and 2.5 em. wide. It could be grasped between 
the fingers. On percussion there was an area of dulness that was 
nearly symmetrical in its outlines on either side of the median line, 
and that extended from the level of the second rib, outward and down- 
ward, around and below the area of timior mass and defect in the 
abdominal wall. At the second interspaces, the aortic and pulmonic 
areas, the heart sounds could be heard and were of practically normal 
relative intensity. Sounds having the character of mitral sounds could 
be heard about the nipple in the fourth left interspace. A loud systolic 
murmur was well heard over the whole area of cardiac dulness; it was 
best heard over the pulsating mass in the abdomen. 

Two weeks later thoracentesis yielded a small amount of greenish 
fluid, from which Streptococcus hemolyticiis was cultivated. The tem- 
perature had been intermittent, ranging from 99° to 102° to 104° F. 
The child died a few hours later. 

Necropsy, — At post-mortem examination the body is seen to be that 
of a poorly nourished white female infant, 65 cm. in length. The 
anterior fontanelle is open, admitting three fingertips. There are nine 
teeth present. The chest and the body generally are well formed. 
The abdomen is not prominent. There is no clubbing of the fingers. 

The sternum measures 6 cm. in length. There is no xiphoid process 
present. The costal angles and the curves of the costal margins are 
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quite normal. Beginning at the lower end of the sternum and extend- 
ing toward the umbilicus is a hernia-like swelling, 5 cm. in length and 
about 3 cm. wide. Within the swelling is felt a pear-shaped mass of 
firm consistence. The mass is somewhat movable, is rounded laterally, 
bluntly pointed at the lower end and becomes constricted at the upper 
end as it passes under the costal margins and lower end of the sternum. 



Fig. 3. — Photograph of Specimen. — The right and left ventricles 
(opened), the tips of the right and left auricles (compare with draw- 
ing) and the aorta and pulmonary artery (both slit open) may be seen, 
as may also portions of the costal cartilages, on the left side in the 
angle between the left auricle and left ventricle, and on the right side, 
where the dissection has been made back from the anterior surface of 
the heart lying against the darker surface of the liver. 

At this point it feels more cartilaginous than in the body of the tumor. 
The umbilicus is in the normal position. The appearance of the 
abdomen, apart from the tumor, is quite normal. The genitalia appear 
normal. 
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Only a short incision (15 cm.) is permitted. This is made in the 
median line over the body of the swelling. The overlying skin, which 
appears quite normal externally, is bound down to the surface of the 
tumor, over its anterior aspect, by delicate areolar tissue enclosing 
small spaces with glistening walls. The largest of these spaces is 
situated over the anterior aspect of the rounded tip of the tumor, and 
has a volume of about 1 c. c. None of these spaces contain fluid. A 
large space is seen to lie under the tumor and to present anteriorly 
at the median (right) side of the tip of the timior. Puncture of this 
admits one to a large endothelium-lined sac that extends upward and 
backward, and in all ways resembles a large pericardial sac with a 
downward prolongation behind the tumor mass. The lining of this sac 
clothes the posterior surface of the tumor and is reflected from it along 
its lateral margins. Careful dissection of the coverings of the tumor 
anteriorly shows that a fascial layer may be separated from the imder 
surface of the skin, and that this layer is apparently continuous with 
the fascia of the large sac or pericardium. 

Removal of the sternimi reveals a small but meaty thymus, an 
anterior mediastinum of essentially normal appearance, emphysematous 
pulmonary lobes on the right side and retracted lobes on the left, where 
empyema is present. A heart is seen in the normal position (Fig. 3). 
On opening the pericardial sac in front of the heart the disposition of 
the various portions of the organ is well seen (Fig. 4). There is a 
normally placed pulmonary artery and aorta, and a right and left 
ventricle. What appears to be the anterior coronary artery passes 
almost straight downward in front. To the right of this lies a some- 
what globular mass, resembling a rounded and hypertrophied right 
ventricle; to the left, a prolongation of this muscular mass extends 
downward and becomes continuous with the extra-thoracic tumor mass 
that has already been described. The whole forms an irregularly- 
shaped heart, the extra-thoracic tumor representing the bulk of the 
left ventricle. 

The displaced portion of the heart lies, as is seen, below the rounded 
muscular mass that represents the right ventricle, and to the left of it. 
At the normal position of the apex there is a constriction in the mus- 
cular mass. This was perceptible to the palpating finger before section 
(see above) ; below this the mass expands to form the extra-thoracic 
tumor. Just below the point of constriction the pericardium is 
reflected from the cardiac mass, except along the posterior surface. 
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Here it is continued over the surface of the extra-thoracic portion and 
forms the anterior wall of the downward extra-thoracic prolongation 
of the pericardial sac, which has already been described. The floor 
of the pericardial sac is formed by the central tendon of the diaphragm 
and its radiating muscular fibers. The portion of the diaphragm 
underlying the extra-thoracic prolongation of the sac is tendinous. 

Examination of the diaphragm, as a whole, shows that it is nor- 
mally placed, normal in its contour and normal in its attachments, 



portions of cartilage of costal arch. A-A indicates line of 
reflection of pericardium from anterior surface of heart. 
The course and length of the aorta and the position of the 
sinuses of Valsalva and the aortic cusps are indicated by 
dotted lines. 

except that, symmetrically on the two sides, it leaves the costal margin 
near the median line and, curving downward, finds its attachment 
in the fascia of the abdominal wall, as low as 5 cm. below the level of 
the costal angle. 

The relation of the liver, stomach, spleen and other abdominal 
organs appears quite normal. The round ligament is relatively short. 
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Cardiac Cavities. — When the heart is opened by an incision into the 
rounded mass that appears to represent the right ventricle (Fig. 5) 
a large chamber is entered. Its walls have the appearance of those of a 
hypertrophied right ventricle. Into it opens a normally formed but 
somewhat medially placed tricuspid valve, and a conus arteriosus of 
normal appearance. This last is continued into a nonnal pulmonary 
artery, in which two primar}' branches and a non-patent ductus Botalli 
are seen. 



Fig. 5. — Drawing of Specimen. Right and Left Yen- 
triclea Laid Open. 

A. — Level of aortic valves. 

B. — Point of origin of anterior papillary bundles. 

C. — Point of origin of mitral papillary bundles. 

D. — Level of defect in interventricular septum. 

Diameter of mitral valve 0.6 cm. Diameter of triscupid 
valve 2.0 cm. Thickness of right and left ventricular walls 
respectively, 06 and 0.7 cm. 

On the median wall of this chamber, the right ventricle, and almost 
directly opposite to the somewhat medially placed auriculo-ventricular 
orifice, is a large circular aperture about 1.5 cm. in diameter, through 
which a blunt probe may be passed downward and laterally into the 
extra-thoracic tumor mass — a misplaced left ventricle. 
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Incision into the aorta shows that it communicates with this second 
chamber^ and that the aperture in the interventricular septum is in 
the position of the so-called ^'undefended space/* Incision into the 
left auricle permits the passage of the blunt probe through the mitral 
orifice into this second chamber, the left ventricle. The mitral valve 
is normal in form, but the orifice and valve flaps are of abnormally 
small size. The pulmonary and aortic cusps are normal. 

Incision into the right auricle reveals a widely patent foramen 
ovale. The venous orifices, the Eustachian and Thesbian valves, and 
the general contour of the cavity appear to be normal. 

Closer examination of the chambers of the heart reveals the following 
additional facts (see Figs. 4 and 5) : 

The right ventricle is relatively distended and distorted, as well as 
hypertrophied. Its cavity is enlarged by an out-pouching (dilatation) 
of the right half of the ventricle. This is shown in the more medial 
position of the tricuspid orifice, and in the medial (here almost septal) 
attachment of the great and other papillary muscles of the chords ten- 
dineffi. The crista supraventricularis is unusually prominent and 
forms a prominent ridge between the ventricular orifice of the infim- 
dibulum and the defect (orifice) in the interventricular septum. The 
right auriculo-ventricular orifice measures over 2 cm. in diameter. 

The right auricle is larger than the left auricle. It communicates 
with it through the large foramen ovale. The septum of this (septum 
secundum) is tendinous, redundant and, in the preserved specimen at 
least, is pouched or deflected or thrown over toward the right side, so 
as to form a projection into it. The left auriculo-ventricular orifice 
is quite small, 0.6 cm. in diameter. The tricuspid orifice is over 2 cm. 
in diameter. 

The left ventricle is relatively small. Its walls are of approximately 
the same thickness as those of the right ventricle. The mitral leaflets 
are small; their chordse tendinese and papillary muscles find their 
attachment high up on the left ventricular wall. The aortic vestibule 
is elongated, partly by fusion of the adjacent edges of the mitral 
leaflets. The apex of the left ventricle is far removed from that of the 
right ventricle. 

The proximal part of the aortic trunk is elongated (see Fig. 5) in 
such manner as to bring the aortic semilunar valve to a level some 
centimeters below that of the pulmonary valves. The relation of the 
sinuses of Valsalva to the aortic cusps is normal, as are apparently the 
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originfl of the coronary arteries. The prominent of the crista snpra- 
ventricolarisy as seen in examination of the cavity of the right ventricle, 
is largely due to the close proximity of the nnderlying aorta. 

The pericardial sac contained about 6 c. c. of pericardial fluid of 
normal gross appearance. (As it is desired to preserve the heart as a 
museum specimen, further dissection is not made, since it does not 
seem to promise any important additional information.) 

In brief, the findings are : Patent interventricular septum ; elonga- 
tion and downward displacement of the left ventricle; depression of 
the diaphragm below the level of the costal margin in its attachment 
near the anterior median line, permitting the displaced ventricle to 
come in contact with the anterior abdominal wall ; downward prolonga- 
tion of the pericardial sac with deficiency (early adhesions?) over the 
anterior aspect of the left ventricle and substitution of the multiple 
pericardial sac-like spaces; hernial protrusion of the abdominal wall 
in the epigastric region ; empyema. 

Character of the Circulation, — In considering the character of the 
circulation in the heart just described, certain facts seem to be of 
especial importance. Among these are the following: 

The left ventricle is relatively small, and to a considerable degree is 
detached from the main body of the heart. The mitral orifice is small, 
,so small as to suggest that it played a less than normal part in the 
transmission of blood from the left auricle (pulmonary circulation) to 
the systemic circulation. The walls of the left auricle are not especially 
hypertrophied. There are features about the septum and appearance 
of the foramen ovale that may indicate that the foramen served for the 
passage of blood from the left to the right auricle. The right auricle 
and right ventricle and the passage between them are relatively very 
large. Finally, the defect in the interventricular septum is so placed 
that during systole of the ventricles blood from the right ventricle 
would appear to pass with about equal facility into the conus arteriosus 
(infundibulum) or into the aortic vestibule. It is into the latter, and 
not into the displaced left ventricle cavity, that the septal foramen 
opens. In the aortic vestibule, blood coming from the right auricle 
through the interventricular septal foramen would meet and mingle 
with blood from the left auricle, by way of the mitral orifice, coming 
under similar pressure from the left ventricle. Thus the deficiency in 
size of the left ventricle would be compensated for by the assistance 
of the right ventricle. 
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Of published cases the one most resembling the above is that recorded 
by Holt in 1897. The conditions in his case were briefly as follows : 
The patient, a boy, presented immediately upon birth an abdominal 
tumor the size of a goose's egg, only partly covered by normal skin 
(Fig. 6). This was evidently in greater part an ordinary imibilical 
hernia, but in it there was a small, hard, pulsating body. The 




Fie. 6.— Diagram showing the oonditicms in Holt's case, a healthy 
5-month8-old boy. 
X indicates the point where the murmur was loudest; h indicates the 
heart; c, the area where the skin was undeveloped. 

hernia was easily kept reduced with an abdominal pad, and the child 
developed normally. There was severe, almost constant cyanosis in 
the early weeks, but this gradually lessened until at 6 months it was 
apparent only on exertion. A loud systolic murmur was present. 

The cyanosis and loud systolic murmur were believed to be due to 
pulmonic stenosis. The prognosis for life appeared good. 
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The clinical picture as described at 5 months of age was as follows : 

The recti muscles of the abdomen were widely separated. In the median 
line was a circular area, about two inches in diameter, where normal 
integument was wanting, and where only a thin membrane covered the 
umbilicus. This surface resembled that often seen over a spina bifida. 
When the pad was removed the hernial protrusion became about the size 
of half an orange. In the epigastric region in the median line, extending 
from the ensiform cartilage into the upper part of the area previously 
mentioned, was a pulsating tumor of conical shape, one and one-fourth 
inches broad at its base, which was the ensiform cartilage, and two 
inches in length. It was covered only by integument and subcutaneous 
tissue, the muscles being separated at this point fully an inch. The body 
was evidently the heart Through the thin coverings all the cardiac move^ 
ments could be easily observed, diastole and systole being almost as well 
defined as in an animal when the chest is opened. By placing the tips of 
the fingers beneath the apex, the heart could be lifted until the apex was 
at the ensiform. This movement did not seem to cause the child the 
slightest disturbance. A loud systolic murmur was present and could be 
heard in frcmt all over the chest. It was most distinct a little to the left 
of the ensiform cartilage. It was not distinct behind. A respiratory 
murmur was present anteriorly over the whole chest, even in the area 
usually occupied by the heart, but was not very loud. There was moderate 
clubbing of the fingera Examination of the abdomen and chest chamb^ 
disclosed nothing abnormal. 

The diagram accompanying the description shows yet more clearly 
the resemblance of Dr. Holt's case to the present one. 

Discussion of the Anomaly. — Ectopia cordis is recognized as being 
due to some defect in the closure of the walls of the body of the embryo 
in the mid-line. At first spread out like a disc, the edges of the body 
appear gradually to curl inward and fuse along their margins, closing 
last in the neighborhood of the umbilical cord. Hernial defects at this 
point are very common in the newly-bom. The defect may be of 
greater or less extent. It may involve the thoracic region, in which 
case the heart is likely to protrude in some measure. MacMurrich 
notes that Hiss has observed ectopia cordis in a 15 mm. embryo. Or 
it may extend from the epistemal notch to the umbilicus and permit 
extrusion of other viscera besides the heart — a condition better classi- 
fied as gastroschisis (Ballantyne). 

Such conditions are doubtless not uncommon among embryos that 
fail to develop. Some have thought they are due to adhesions in the 
fetal membranes. In fetuses bom at or near term, cervical or thoracic 
hearts are the more common forms of ectopia cordis. Cervical hearts 
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have proved incompatible with life. Infants bom with thoracic hearts 
may live for days. The pericardium is usually deficient in the parietal 
layer and the heart is exposed. In Goode's case (the child died on 
the sixteenth day), the surface was oiled several times daily and pro- 
tected from contact with clothing. Ellis cites a case (Lannelongae's) 
in which the thin membrane covering the heart sloughed on the 
fifteenth day, and the skin margins were successfully imited over the 
heart with sutures. 

Instances of abdominal heart appear to be much less common.* 
The condition appears to be more compatible with life. In Deschamp's 
case, an abdominal heart was found in a healthy soldier. At autopsy 
the heart was found to occupy the position of the left kidney in the 
lumbar region, and the vessels passed into the thorax through an 
opening in the diaphragm. Holt thought that in his case there must 
have been a congenital defect in the diaphragm, ** as a result of which 
instead of the usual one of the protrusion of the abdominal contents 
into the thorax, the heart had become displaced downward. This had 
doubtless been favored by the imperfect development of the abdominal 
walls which also led to the umbilical hemia.^^ Post-mortem confirma- 
tion of this view is lacking. 

In the present instance the diaphragm appears to be intact. ^ It is 
abnormal merely in its point of attachment anteriorly. Whether this 
is the result of the cardiac anomaly, or the cause of it, is a difficult 
matter to determine. The heart, as is well known, is formed high in 
the cervical region, and so, too, is the diaphragm. Both are drawn 
(or forced) progressively downward during the growth of the embryo 
and come to occupy their adult position. In the present case, a portion 
of both descended to a lower level than usual. The position of the 
umbilicus was not abnormal, and there was no umbilical hernia; nor 
were there any anomalies noted elsewhere in the body. 

It does not seem possible to determine in the present instances at 
what stage in development of the heart abnormal forces were brought 
to bear upon it, resulting in malformation. The answers to the ques- 
tions here raised will doubtless be f oimd in the study of embryos with 
defects in the closure of the body walls. 

* It is not clear that either of the cases here described is pTOQerlj to be 
classified as such, if hy abdominal heart is meant strictly one that, in whcde 
or part, has escaped through some defect in the diaphragm into the 
abdominal cavity. 
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STUDIES IN THE MECHANISM OF ABSORPTION FROM 

THE COLON.* 
By SAMUEL QOLD8CHMIDT and A. B. DAYTON. 

{From the Hunterian Laboratory of Experimental Pathology, The Johf^ 
Hopkint UniverHty, Baitimore, Jfd.) 

The factors of diffusion and osmosis in the mechanism of absorption 
from the intestinal tract have received much attention. Although it 
has been conceded that these factors do play a part in the process^ it 
is held by most of the former investigators that a " vital factor " is 
interposed. 

A point of support for this hypothesis has been the ^^ irreciprocal " 
character of the membrane; a property which has no analogue in any 
known physical system. To be sure, small quantities of diffusible blood 
constituents have been demonstrated in the intestinal test fluids, but 
the amounts have been so small that they have been supposed to have 
their origin in the excretions or secretions of the intestine, independent 
of physical processes. 

The work I wish to report is an attempt to separate the physical 
from the so-called " vital *^ factor. 

The colon of the dog has been chosen for this investigation. By our 
experimental methods it has been possible to introduce and remove 
fluids with a considerable degree of quantitative accuracy. 

For the present discussion the behavior of sodium chloride in various 
concentrations and distilled water will be presented. 

When sodium chloride solutions of concentrations above 1.2 per cent 
are introduced into the colon, the following changes in volume are 
noted: At first the volume of the colonic contents increases, the 
increase being followed after a given point by a diminution in volume. 
For convenience of reference we have called this point the " crest ^' of 
the volume wave on the introduction of strong sodium chloride solu- 
tions. If allowed to remain in the colon, the whole volume of solution 
will gradually be absorbed. 

* Abstract of a paper presented before The Society of Biological Chemists* 
New York, December, 1916. 
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Coincidently with this increase of volume, as Ib to be expected, the 
concentration of chlorides i& diminished; the total chlprides present 
are decreased, which indicates that chlorides have passed across the 
membrane towards the blood, while water was passing in the opposite 
direction. The subsequent observations upon the concentration of 
chlorides give decreasing values, finally coming to a point which shows 
little change. 

The osmotic pressure of the colon contents, as represented by A, 
the depression of the freezing point, shows a persistent diminution. 
The values for A observed compared with the values obtained from 
solutions of sodium chloride of equal concentration show an immediate 
divergence which continues in spite of the constant decrease of 
chlorides in the colonic contents. We have interpreted this difference 
as due to ^' other substances '^ passing into the colonic contents, in an 
attempt to maintain partial pressure equilibrium of the diffusible sub- 
stances on either side of the membrane. 

A point of interest in the above process is the fact that the concen- 
tration of chlorides and the A of our " crest '* is always at a point 
which varies but slightly in normal animals. However, increased 
concentrations of chlorides in the blood, by intravenous infusion, cause 
an increase of the concentration of chlorides and the A of the ^^ crest.^^ 

If solutions of sodium chloride below 0.6 per cent are introduced into 
the colon, the volume diminishes progressively, but the concentration of 
chlorides increases. The latter finally comes to an equilibrium between 
0.6 and 0.7 per cent, or at the level of the chlorides in the blood. 

The A of the colonic contents increases progressively, tending to 
simulate the blood A. Here also the A observed and that of equal 
sodium chloride concentrations show a difference. Increase of chlo- 
rides in the blood by intravenous infusion causes a readjustment of this 
point of equilibriimi of chloride concentration between the colonic 
contents and the blood. 

When sodium chloride solutions below 0.2 per cent concentration or 
distilled water are introduced into the colon, the volume is less at each 
successive period of observation. The concentration of chlorides 
increases as does also the A of the colonic contents. The total amount 
of chlorides present in the contents increases up to a concentration of 
from 0.12 to 0.17 per cent; at this point the total chlorides present 
in the colonic contents begin to fall, in spite of the fact that the con- 
centration is rising. This concentration between 0.12 and 0.17 per cent 
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▼e have called our '* low point/' This phenomenon may explain the 
tmsuccessf ol efforts to demonstrate large amounts of chlorides in the 
intestinal contents which have led to the application of the term 
" irreciprocal " to the membrane of the intestine. If fresh portions of 
distilled wata: are introduced into the colon and removed after a short 
interval, it is possible to rob the blood of a large amoimt of chlorides. 
An increase of available chlorides in the blood by intravenous infusion 
causes an increase in the amount of chlorides passing into the colonic 
contents. 

Towards solutions of sodium chloride the colon acts essentially like 
a permeable membrane; both solvent and solute are allowed to pass; 
there is an attempt at partial pressure equilibrium of diffusible sub- 
stances between the colonic contents and the blood. The great con- 
stancy of the process is, no doubt, due to the constant conditions under 
which it takes place in the normal organism. It has been shown that 
changes beyond the normal of but one factor, namely, sodium chloride, 
on the blood side of the membrane affect the mechanism. The number 
of factors involved are numerous and of a complicated order in the 
intact animal. The process is dependent upon the life of the mem- 
brane, or upon a ^* vital ^' factor, to the extent that conditions for 
the proper performance of the processes involved be maintained. 
Obviously, damage to the membrane or interference with the normal 
conditions on the blood side would cause a disturbance in the 
mechanism. 

A more minute study of this phase of our problem is now in progress. 
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REPORT OF TWO FATAL CASES FOLLOWING PERCY'S LOW 
HEAT TREATMENT OF CARCINOMA OF THE UTERUS. 

By V. N. LEONARD and A. B. DAYTON. 

{From the Departments of Gynecology and Pathology of The Johns 
Hopkins Hospital j Baltimore, Md.) 

In 11)12, ill a series of articles, J. F. Percy advocated the application 
of loncr-oontinued low heat in the treatment of otherwise inoperable 
carcinoma of tlie uterus. This procedure is based upon a principle 
claimed by Percy, tliat carcinoma cells are killed by low penetrating 
heat insuificient to destroy normal tissue. He introduces an electric 
heatintj iron into the uterus and maintains for a considerable time a 
temperature insufficient to char the tissues. 

As far as has been ascertainable, the only reported untoward results 
with the Percy method are a brief mention by Percy of infection and 
fistula formation, and the one instance of death from sepsis reported 
by Boldt. 

For this reason the following cases treated by this method in the 
Gynecological Clinic of The Johns Hopkins Hospital with fatal results, 
are reported. 

CASE I. 

Clinical History. — L. D., a white woman, aged 52, was admitted to the 
hospital, April 24, 1916. Examination showed an inoperable carcinoma of 
the cervix of the uterus. 

The Percy method was therefore used and the low heat applied for one- 
half hour in each broad ligament 

Her post-operative course was marked by a slight amount of shock 
immediately following the operation but on the second and third days 
the abdomen was distended and she vomited large quantities of a brown 
watery fluid. There was involuntary loss of urine. The temperature 
never went above 100° F. On the fourth day the abdominal distension 
was more marked, her condition became worse and as preparations for an 
enterostomy were being made she died suddenly with symptoms which 
suggested pulmonary embolism. 

Autopsy No. 4674 (17 hours after death). Abstract of protocol. — The 
body is that of a well-nourished white female, 152 cm. in length. The 
abdomen is distended. A clean mid-line incision is held together by sutures. 

The peritoneal cavity contains 100 c. c. of serosanguineous fluid which 
contains some flakes of fibrin. The large and small intestine are distended 
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down to the sigmoid, which is collapsed/ They are glued together in places 
by fibrinous exudate. 

Both pleural cavities contain about 500 c. c. each of a clear blood-tinged 
fluid. The pleural surfaces are everywhere smooth and glistening. 

The pericardial cavity contains 15 c. c. of clear yellow fluid but is other- 
wise normal. 

The viscera show extreme cloudy swelling. 

The lungs are congested and in one of the main branches of the right 
pulmonary artery is an embolus coiled several times upon itself. The 
smaller branches are nearly all thrombosed, as are also some of those in 
the left lung. 

The stomach and duodenum are distended with gas. There are about 
24 round ulcers from 1 to 7 mm. in diameter scattered over the mucous 
surface of the stomach but more numerous at the pyloric end. They have 
clean bases and edges which are not elevated. The loss of substance 
apparently extends to the muscularis. The peritoneal surface shows 
nothing abnormal. The mucosa aside from the ulcers is smooth and pale. 
The duodenal mucosa is intact. 

The pelvic organs are removed in one mass. The rectum and sigmoid 
show no gross abnormalities. No anatomical obstruction can be found. 
They are removed readily from the remaining pelvic organs. Externally 
the uterus is normal in size and contour. The peritoneum over the bases 
of the broad ligaments is discolored a purplish red. The vesi co-vaginal 
space is obliterated and the posterior wall of the bladder is closely adherent 
to the vagina. The ureters show nothing abnormal down to their entrance 
into the broad ligament. The mucous membrane of the bladder is injected 
except in the trigonum where there is a fistula, measuring 2x3 cm., open- 
ing into the vagina. The edges of the fistula are reddish black and necrotic 
in appearance. A probe passed through the proximal end of the left ureter 
emerges in the wall of the fistula; passed through the right ureter it stops 
in a necrotic mass about 3 cm. from the wall of the bladder. 

In the vagina the orifice of the fistula is similar to that described in the 
bladder. Thie cervix and the tissues directly surrounding it are destroyed. 
The tissues in the neighborhood are no longer recognizable. They have a 
foul odor, a greyish-white color and a putty-like consistence. On section 
this necrotic mass ends abruptly about 1 cm. from the necrotic surface. 
Beyond this here and there in the bases of the broad ligaments there is 
a gritty material of cartilaginous consistence. 

In the microscopic examinatior^ of the viscera the following abnormali- 
ties were noted: 

Lungs. — The alveoli particularly in the sections from the posterior 
portions contain a few red blood cells. 

Stomach. — The gastric mucosa is well preserved. As an ulcer is 
approached the definition of the cells of the mucosa becomes obscured and 
the nuclei are unstained by hematoxylin. The loss of substance extends 
through the submucosa to the muscularis. At the inner edge of the 
muscularis there is a distinct line of polymorphonuclear cells which form 
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the base of the ulcer (Fig. 1). A large blood-vessel in the immediate 
neighborhood of the ulcer is intact. 

Liver. — In the central part of the lobule the cells show fatty change. 
Elsewhere they have undergone extreme swelling and disintegration. 

Kidneys. — The general structure is normal. There is extensive epithelial 
necrosis in the convoluted tubules. 

The lymph glands are normal. They do not show necrosis or metastases. 



Fig. 1. — Base of gastric ulcer showing polymorphonu- 
clear cells. 

Brain. — There is a moderate grade of satellitosis. No other change is 
noted. 

Pelvic Organs. — Sections from both broad ligament and from the posterior 
wall of the vaginal vault at the level of the cervix show perfectly preserved 
squamous-cell carcinoma (Fig. 2). Sections from the necrotic areas stain 
a uniformi bluish pink and carcinomatous tissue can be distinguished only 
by its outline. All gradations can be seen between this necrotic area and 
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the surrounding well-preserved tissue (Fig. 3). In these intermediate 
areas many of the nuclei of the cells are unstained and show karyolysis 
or karyorrhexis. Other cells intermingled in these areas have bright-, 
pink-staining cytoplasm and a sharp well-stained nucleus. Many mitoses 
are seen. The changes observed in the connective tissue and smooth muscle 
of the pelvis are analogous to those in the neoplastic tissue. The nuclei 

Ik %^ . ^ #* • ^ 



Fio. 2. — Carcinoma cells in Case I. (High power.) 

become obscured and broken up and the tissue stains uniformly bluish 
pink. The vessels are all thrombosed. Masses of polymorphonuclear cells 
occur throughout the tissue as well as large blue-staining amorphous 
masses of bacteria. There are several areas where carcinoma cells are 
invading normal tissue. In these there is nothing to indicate any difference 
in susceptibility between them; the cytological changes are in every instance 
equidistant from the necrotic edge. In making blocks care was taken to 
cut them in a plane radial to the necrotic edge to make the observations 
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certain. In a block taken posteriorly from the cervical region the zone of 
cytologlcal change had a maximum width of 6 mm. 

Anatomical Diagnosis: Primary. — Carcinoma of the cervix of the 
uterus; (operation; laparotomy and cauterization); vesico-vaginal fistula; 
intestinal distention; thrombosis of pelvic veins; pulmonary embolus; 



Fio. 3. — Coagulated tissue containing remains of car- 
cinoma below, normal tissue above. 

hydrothorax (bilateral); multiple gastric ulcers; epithelial necrosis of 
kidneys; cloudy swelling of viscera. 

Subsidiary. — Chronic mitral endocarditis; fatty liver; encapsulated 
caseous tuberculous bronchial lymphadenitis. 

The pathological changes in this cai^e — hemorrhagic serous effusions, 
extreme cloudy swelling of the viscera, renal epithelial necrosis and 
gastric ulcers — correspond to the findings in extensive superficial bums. 
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It is therefore possible that death may, in part, be due to the same 
unknown factors. On the other liand, the })ulmonary embolism was 
important in the sudden death. 

CASE II. 

Clinical History. — I. P., a white woman, aged 55 years, was admitted to 
the hospital for the first time in October, 1915. Examination showed early 
carcinoma of the cervix. She was operated upon and the uterus removed 
with a wide margin of parametrium on both sides. 

Five months later, on April 26th, she was again admitted to the hospital 
and a firm adherent mass, 5 cm. in diameter, was found in the left broad 
ligament. 

At the operation the heating point was introduced into this mass till 
its tip came within 1 cm. of the peritoneal surface, and heat which was 
just insufiicient to char the tissue was maintained for two hours. 

At the conclusion of the operation the patient was in excellent condition. 
The pulse had varied from 100 to 120 throughout. 

Post-operative course. The patient's condition for four days was excel- 
lent On the fifth day urinary incontinence developed. Her temperature 
varied between the extremes of 100° and 102.5° F. but on the tenth day it 
rose to 105° and remained irregularly elevated reaching a maximum of 
108". Blood cultures on the twelfth and fourteenth days showed respectively 
10 and 150 colonies of streptococci per cubic centimeter. Death occurred 
on the sixteenth day. 

Autopsy No. 4687. — Six hours after death. (Abstract of protocol.) The 
body is that of a poorly-nourished white woman 157 cm. in length. 

A recent mid-line scar, in perfect condition, runs from the umbilicus 
to the pubis. There are a few delicate fibrinous adhesions in the pelvis and 
there is a little pocket posterior to the left broad ligament containing 
3-4 c. c. of green pus. 

The left pleural cavity is normal. 

The right pleural cavity contains 500 c. c. of clear yellow fluid showing 
flecks of fibrin. A little fibrin can be seen on the surface. The pericardial 
cavity contains 50 c. c. of a cloudy yellow fluid. Smears show many 
polymorphonuclear leucocytes and long chains of streptococci. There are 
many extensive subserous ecchymoses in the pericardium. 

The viscera are normal except for cloudy swelling. 

The pelvic organs are removed in one mass. The rectum and sigmoid 
show no gross abnormality and are readily removed from the remaining 
organs. The peritoneum over the vaginal vault after the first operation 
has closed perfectly. It is injected and there is a slight fibrinous exudate. 
The vesico-vaginal space is obliterated and the bladder is closely adherent 
to the vagina. The ureters are normal up to their entrance into the broad 
ligament. The mucous membrane of the bladder is injected. In the 
trigonum there is a fistula, less than 1 cm. in diameter and with black 
necrotic edges, which passes from the vagina and bladder. A probe passed 
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down the right ureter emerges at the edge of the fistula; passed down the 
left ureter, it stops in a necrotic mass about 2 cm. from the wall of the 
bladder. 

In the vagina the edges of the fistula are much more discolored than in 
the bladder. The vaginal vault is intact but extending out into the base 
of the left broad ligament is a soft, grey, necrotic mass with a central 



Fig. 4. — Blue zone separating coagulated tissue above 
from normal tissue below. 

opening representing the position of the coagulating point. Within 1 cm. 
of this lumen the necrotic tissue ends abruptly in normal-looking fat and 
connective tissue. 

Microscopically, the viscera show no particular change. 

The pelvic tissues are very edematous and polymorphonuclear cells are 
prevalent everywhere. The smaller blood-vessels are thrombosed. Peri- 
pheral to the area of necrosis there is a zone, with a maximal width of 
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not over 6 mm. in anj section, where the tissue is uniformly pink-staining 
except for blue amorphous masses of bacteria. The tissue structure In 
til is area has entirely disappeared. Separating this zone of coagulation 
from the more remote tissue is a zone, about 1 cm. in width, which stains 
a deep blue and under the high power is seen to consist of granular nuclear 
material and polymorphonuclear cells (Fig. 4). 



Fig. 5. — Carcinoma cells. Case II. 

Carcinoma cells can be found only in the left broad ligament near the 
bladder sinus. They are situated in clumps just beyond the zone of coagu- 
lation (Fig. 5). 

Anat().mical Diagnosis: Primary. — (1) Previous panhysterectomy for 
carcinoma of the cervix, (2) recent ineffectual cauterization for recur- 
rence in the left broad ligament; streptococcus septicaemia; purulent peri- 
carditis; fibrino-purulent pleurisy (left). 

Subsidiary. — Pulmonary congestion. Encapsulated apical pulmonary 
tuberculosis. 
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Summary. 

The primary effect of the Percy cautery is a necrosis, which extends 
more or less uniformly in all directions from the coagulation point. 

A mass of sloughing coagulated tissue of this type offers an ideal 
medium for the growtii of microorganisms. This view is borne out 
by the sections from these two cases. It probably will be found impos- 
sible to prevent infection of this area, and, once infected, the throm- 
bosed vessels of the region may offer a ready entrance for the micro- 
organisms into the general circulation. Hence the danger of septi- 
caemia is considerable. 

It seems most probable that experiences similar to those recorded 
above must have been frequent wherever this method has been used 
extensively, yet there is, as far as we have been able to find, only one 
complete report of a fatal case in the literature, that of Dr. Boldt This 
case is of particular interest because the findings agree in all essential 
points with those in Case II, and emphasizes the probable frequency 
of the development of septicaemia from the infected area. 

In an article in the Pennsylvania Medical Journal (January, 1916), 
Percy mentions four cases in which post-mortem examination disclosed 
" more or less of these lytic cells in a pultaceous mass, free in the pelvis.'* 
In one case, " there was easily a pint of this material." The description 
of the clinical picture of these cases agrees fairly well with that of a 
fatal septicaemia and it seems possible to suppose, since neither blood 
cultures, microscopical examination nor cultures of the mass were 
reported, that the four cases may have been complicated by sepsis. 

In Dr. Boldt's case, and in the two cases reported above, the Percy 
technique was applied most rigidly ; nevertheless, microscopic sections 
show actively growing uninjured local carcinoma 16 days afterward. 
In both of our cases it was found within 1 cm. of the previous site of 
the heating iron. 

Conclusions. 

1. The prolonged treatment of large carcinomatous masses by low 
heat may be rapidly fatal and associated with general changes through- 
out the body, similar to those observed in cases of fatal cutaneous 
bums. 

2. The necrotic mass produced by the cautery forms a particularly 
favorable medium for bacterial growth. The organism may spread to 
the surrounding tissues or reach the general circulation through the 
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local thrombosed vessels. It seems probable that the greatest danger 
in the application of the Percy cautery is the local infection and a sub- 
seqaent general sepsis. 

3. Finally, there is no evidence from these two cases that carcinoma 
is more susceptible to heat than is normal tissue. Moreover, it would 
appear that the procedure is ineffectual in eradicating the carcinoma. 
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THE RELATIONSHIP IN TYPHOID FEVEB BETWEEN 

SPLENIC INFARCTS AND PERITONITIS UNASSO- 

CIATED WITH INTESTINAL PERFORATION. 

By A. B. DAYTON. 

{From the Department of Pathology of The Johns Hopkins Hospital, 
Baltimore, Md.) 

Especially in the French literature cryptogenetic splenic infarcts^ 
not uncommonly found in cases of fatal typhoid fever, have been sug- 
gested as the possible cause of a peritonitis, when it is unassociated 
with any demonstrable perforation of the intestine. This hypothesis 
seems reasonable because the bacilli are present in great numbers in 
the splenic tissue, so that, when this undergoes coagulative necrosis, 
complicated frequently by subsequent softening and usually by a 
localized acute perisplenitis, the bacilli may find a ready access to the 
peritoneal cavity. 

Yates who collected much evidence concluded that while the peri- 
tonitis may be hematogenous in origin, or result from the migration 
of bacteria through an intestinal wall, made abnormal by meteorism, 
for example, it usually is caused by extension through the bases of 
deep intestinal ulcers. Evidence to support this contention is offered 
by him in experiments in which emboli composed of agglutinated red 
blood cells have induced lesions in the intestinal walls and so favored 
transmission to the peritoneal cavity. The case reported below directed 
our attention to this subject : 

CLiificAL Hi8T(»T. — ^The patient, a colored man, aged 27, entered The 
Johns Hi^kins Hospital in the service of Dr. Theodore Janeway, Septem- 
ber 14, 1915, on the seventh day after the onset of symptoniB. Abdcxninal 
pain and tenderness had been present from the beginning. 

While in the hospital he had several internal hemorrhages, one of about 
750 c. c His general condition gradually became worse until October Ist, 
the twenty-third day of the disease, when the symptoms and signs of per- 
forati<m developed. 

At operation a "considerable amount" of cloudy y^owish fluid was 
found in the peritoneal cavity but no gas. Cultures of the fluid showed 
uncontaminated B. typhosus. The peritoneum of the ileum just above the 
cecum was red and edematous. A loop of the bowel was brought to the 
abdcxninal waU and an enterostomy performed in two stages. The con- 
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diticm of the patient gradually became worse and he died four days later 
on the tweotyHBeventh day of the disease. 

Autopsy No. 4469. Two days after death. (Abstract of protocoL) The 
body is that of a yery ^naciated young colored man, 166 cm. in length. In 
the lower right rectus region there is a recent surgical incision that has 
healed by first intention except at the lower end which is open tor about 
2 cm. and through which fecal fluid has been discharged. 

There is no free gas in the peritoneal cavity. It contains about 500 c. c. 
cl clear serosanguineous fluid. An enterostomy 10 cm. above the ileocecal 
valve c(»nmunicates with the external sinus. The peritoneum is every- 
where smooth and glistening except just below the wound where about 
75 cnL qI the lower ileum are matted together by a fibrinous exudate. 
There are no pus pockets. The abdcxninal lymph glands are enlarged, 
especially the mesenteric. The thoracic cavity is normal. 

The heart weighs 210 gm. and is normal. 

The lungs are congested and show throughout diffusely scattered raised 
dry areas of bronchc^neumonia. 

The spleen weighs 350 gm. and measures 14 x 10 x 5 cm. It is soft exc^t 
for three large white firm areas; the largest measures 3x4 cm. and the 
smallest 1.5 cm. in diameter. Over these there is a thick fibrinous exudate. 
The other viscera are normal except for cloudy swelling. 

The intestines have undergone considerable post-mortem change. The 
serous surface of the lower 100 cm. of the ileum is injected and through 
it the enlarged Peyer's patches are seen. This part of the intestine was 
matted together by purulent fibrinous adhesions around the enterostomy 
wound. The mass was pulled apart and the gut opened and although it 
was carefully looked for no perforation could be found. There are a series 
of enlarged swollen lymph follicles in all stages of sloughing and ulcera- 
tion in the lower ileum especially around the ileocecal valve. One of 
these ulcers included in the adherent mass of intestines shows at its base 
a pin-point opening through which gas can be made to bubble. Around 
this minute orifice the tissue is gray and necrotic. Three enlarged ulcerat- 
ing follicles are found in the ascending and transverse colon. 

MiCBOscopicAL Notes. — ^The splenic pulp shows the usual picture found 
in typhoid fever. The light firm areas are tsrpical fresh infarcts. 

In the section of the intestine the picture is obscured by post-mortem 
changes. 

The other organs show nothing of importance. 

Anatomical Dxaqnobis; Primary. — Typhoid fever; splenic infarcts; 
acute fibrinous perisplenitis; t]rphoid peritonitis. (Operation: Explora- 
tory laparotomy.) Perforation of typhoid ulcer of ileum; localized fibrino- 
purulent peritonitis. 

Subsidiary. — ^Bronchopneumonia. 

This case gave all the clinical indications of peritonitis following 
perforation. The patient was operated upon with the expectation of 
finding a perforation, but careful search failed to show any. A peri- 
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tonitifi, however, was found, as is proved by the excess and character 
of the fluid and by the pure culture of B, typhosus which was obtained. 

In the first 4000 autopsies in The Johns Hopkins Hospital there 
were 166 cases of typhoid. Of this number 53 (31.9 per cent) were 
complicated by perforation and peritonitis; 110 (63.3 per cent) were 
without either perforation or peritonitis. The remaining three (1.8 
per cent) had definite peritonitis but no perforation. From one of 
these a pure culture of B. typhosus was obtained from the peritoneum. 
In another, B. typhosus was obtained together with an unidentified 
white micrococcus. In these three cases of peritonitis in each instance 
there were splenic infarcts. There were seven other instances of 
splenic infarcts without peritonitis. 

That the three cases of peritonitis without perforation occurred in 
the 10 cases of splenic infarct without a single case in the 103 cases 
uncomplicated by either perforation or splenic infarct together with 
the reported case, is important presumptive evidence that peritonitis 
without perforation is probably due to the splenic infarct. 
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LEFT DUODENAL HERXIA. REPORT OF A CASE. 

By A. B. DAYTON. 

{From the Department of Pathology of The Johns Hopkins Hospital 
Baltimore, Md.) 

Duodenal hernias are divided into two groups, right and left, deter- 
mined by their extension from the median line. A typical example 
of the former is reported below. 

Clinical History. — S. W., white, male, aged 50 years, entered The Johns 
Hopkins Hospital, April 1, 1916, suffering from a pulmonary affection from 
which he died nine days later. In the routine examination the patient 
stated that he had never had any gastro-lntestinal symptoms, and while 
he was in the hospital none were observed. In the physical examination 
the abdomen was described as " scaphoid." The edge of the liver was felt 
in the epigastric notch but no other tumor mass was noticed. 

Autopsy No. 4646. (Abstract of protocol.) The hernia is entirely inde- 
pendent of the pulmonary tuberculosis from which the patient died and 
the description will be confined to the former. 

The abdomen is slightly sunken. Its form is otherwise normal. There 
is about 1 cm. of subcutaneous fat. The peritoneal cavity contains no 
fluid and its surfaces are smooth and glistening. A large fatty omentum 
hangs down over the Intestines and is adherent by a few delicate fibrous 
adhesions in both Inguinal regions. When the omentum is turned back, 
the entire small intestine is found enclosed in a large cyst-like structure 
which measures about 25 cm. in its largest diameter and 20 cm. at the base. 
The other abdominal viscera are normally disposed. (Further examination 
showed them to be normal.) 

The entire small intestine can be seen enclosed in the thin transparent 
sac. It is made up of an inner and outer layer of peritoneum. The outer 
layer is continuous with the mesocolon and parietal peritoneum. It has 
an orifice posteriorly, just to the right of the mid-line at the level of the 
third lumbar vertebra. The orifice is oval in shape with its axis in a 
longitudinal position. It measures 3 x 2.5 cm. and just admits three fingers. 
Its anterior edge consists of a cord-like thickening. From this opening 
the Ileum which immediately joints the ccecum emerges so that no small 
intestine is exposed. The intestine can be pulled out of the sac almost 
entirely. The last few feet are withheld only by the tautness of the 
mesentery. The intestine enters the sac at the duodenojejunal junction 
from a retroperitoneal position posterior to the sac, so that it is hidden 
from view. At no point is there any constriction of the Intestine or any 
evidence of Interference in function. 
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Fig. 1. — Drawing of the dissection showing the relationship of the inferior 
mesenteric vein to the hernia. 
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Fio. 2. — Photograph of the normal peritoneal cavity of a child showing the 
inferior mesenteric vein and behind it the paraduodenal fossa. 
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The various blood-vessels in the vicinity of the sac are all normal 
except the inferior mesenteric vein. The venous supply of the descending 
colon and part of the sigmoid is entirely through large anastomoses with 
the branches of the superior mesenteric vein from the transverse colon. 
A branch of one of the veins from the descending colon extends backwards 
behind the hernial sac at the point where the peritoneum of the sac Is 
reflected over the sacral prominence. It soon loses its lumen and becomes 
a cord not over 1 mm. in thickness. This is traced around over the orifice, 
where it lies in the anterior lip, then upwards through the transverse 
mesocolon and finally ends in the splenic vein. About 5 cm. from its Junc- 
tion with the splenic vein it again acquires a lumen (Fig. 1). 

This cord is the obstructed inferior mesenteric vein and it proves that 
the condition is a hernia into the fossa that is formed by the fold of peri- 
toneum which the inferior mesenteric vein raises up as it arches over from 
its origin in the splenic vein on its way to the descending colon (Fig. 2). 
This is called the paraduodenal fossa or the fossa of Landzert. Mr. 
Moynihan believes that all duodenal herniie develop from this sac and 
that Treitz's hernia was also of this nature. This case supports his view. 
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HISTOLOGICAL AS RELATED TO PHYSIOLOGICAL AND 

CHEMICAL DIFFERENCES IN CERTAIN MUSCLES 

OF THE CAT.* 

By H. HAYS BULLARD, 

(From the Department of Pathology of The Johns Hopkins University, 
Baltimore, Md.) 

The object of this paper is to call attention to some morphological 
differences between certain muscles of the cat, which are believed to 
correspond to a number of the physiological and chemical differences 
in the same muscles as set forth by Lee, Guenther, Meleney, Scott and 
Colvin in a series of interesting papers appearing in the American 
Journal of Physiology, May, 1916/ In one of these papers (Tjee, 
Guenther and Meleney) it is mentioned that the authors could find in 
the literature no comparative histological study of the muscles under 
discussion, namely, the diaphragm, the extensor longus digitorum, the 
sartorius and the soleus. From their own histological observations 
they were not able to point out any striking differences between these 
muscles. 

In the present experiments these four muscles from 12 cats (young 
and adult) have so far been examined. The tissue was fixed in 
20 per cent formalin, and frozen sections were stained with Sudan III 
by Herxheimer's method. This method is well adapted to the demon- 
stration of the dual structure of mus(?le as seen in the so-called light 
and dark or cloudy fibers. The occurrence of an intermixture in vary- 
ing proportions of these two types of fibers in the skeletal muscles of 
many animals, including probably all vertebrates, has been known 
for a long time (Knoll'). As is also well known, light fibers usually 
have a few small fatty droplets in their cytoplasm; dark fibers have 
many larger fatty droplets. Intermediate fibers also occur w^hich are 
also fatty and probably belong to the dark type. 

The four different muscles of the cat may be characterized briefly, 
as follows: Diaphragm (Fig. 1): Light 'and dark fibers in about 
equal numbers, a small number of intermediate fibers. The average 

♦ Published in the Proceedings of the American Association of Anatomists, 
Anatomical Record, 1917. 
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Fig. 1. — Diaphragm (X200) showing light, dark and intermediate 
fibers. Fat droplets in intermediate and dark fibers appear as small 
dark points. The fibers contain numerous very small droplets which 
are visible only with high magnification and do not appear in the 
photograph. The average diameter of the muscle fibers is less than in 
the other three muscles. 



Fio. 2. — Extensor digitorum longus (X200). Light fibers are large 
and numerous; dark and intermediate fibers are smaller and contain 
fat droplets. 
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Fig. 3.— Sartorius (X200). Dark fatty fibers predominate, light 
fibers are larger. Several adipose tissue cells (black) are seen in the 
interfascicular connective tissue. 



Fig. 4. — Soleus (X200). Intermediate and dark fibers predominate. 
There are numerous fat droplets in all the fibers. The average diameter 
of fibers is greater than in the other three muscles. 
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diameter of tlie fibers is less than in the other three muscles. p]xtensor 
digitorum (Fig. 2) : The light fibers form more than half the total 
number ; the dark and intermediate are alxmt equal in number. The 
average diameter of the fibers is greater than in the diaphragm and 
less than in the soleus. Sartorius (Fig. 3): The dark fibers pre- 
d(miinate; the intermediate and light fibers are al)out equal in number. 
The average diameter of the fibers is greater than in the diaphragm 
and less than in the soleus. Soleus (Fig. 4) : The intermediate fibers 
predominate; the dark fil)ers are present in considerable numbers; the 
light fibers are either absent or of very infrequent occurrence. The 
average diameter of the fil)ers is greater than in the other three muscles. 

In all four muscles light fibers are of greater diameter than dark. 
When these four mus(*les oidy are considered, the microscopical picture 
of each is usually sufficiently characteristic to j)ermit of its identifica- 
tion. From the j)redominance of intermediate and dark fibers, it is 
always jMjssible to identify the soleus, in transverse section, from a 
single low power field. The predominance of light fibers serves for the 
easy identification of the extensor digitorum. The diaphragm and 
sartorius are frequently identified only after several fields have been 
examined ; exce})tionally, one of these muscles is mistaken for the other. 

The extensor digitorum and sartorius are maeroscopically pale 
muscles. The soleus is a red muscle and the diaphragm is intermediate 
in color. It is not true, however, that the dark fibers of the soleus are 
the cause of the dark or red color of that muscle. Dark fibers have 
their characteristic aj)pearance only when seen by transmitted light 
under the microscoi)e. By reflected light they appear light. It follows 
that dark fibers tend to make the muscle aj)j)ear pale, and the dark 
red color of the soleus is not due to its dark fibers. Moreover, it is 
known that many ])ale muscles are comjmsed largely of fibers that 
microsco])ically are dark. 

The extensor digitorum, according to Lee, is characterized by great 
irritability — a short latent period and quick contraction and relaxation, 
whereas the soleus is less irritable, and after a h)nger latent period it 
contracts and relaxes slowly. As mentioned above, the histological 
j)icture shows a great ])rcdominance of light fibers in the quick muscle 
(extensor), and a predominance of intermediate and dark fibers, with 
almost total absence of light fibers in the slow muscle (soleus). The 
diaphragm and sartorius occupy an intermediate position both in 
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these physiological properties and in the relative number of light and 
dark fibers. It is probable that these facts are related. 

In the present experiments the histological findings in respect to 
the relative fat content of the four muscles agree with the chemical 
analyses of Lee. The extensor digitorum^ chemically and micro- 
scopically^ shows considerably less fat than do the other three muscles. 
Moreover^ the quantity of fat microscopically demonstrable in each 
of the muscles is so great that it would appear to account for the entire 
quantity shown by chemical analysis. This is not in accordance with 
the accepted view that much of the fat in the tissues is chemically com- 
bined and not capable of microscopical demonstration. 

In fasting animals, Lee has shown that the total working power of 
the diaphragm is reduced by 44 per cent, and the working power of 
the extensor by 16 per cent It is known that fat gradually disappears 
from the dark fatty muscle fibers of fasting animals (Knoll/ Bell/ 
Bullard *). As we have seen, the diaphragm of the cat contains many 
more fatty fibers than the extensor. When the fat is removed by star- 
vation one would expect the diaphragm to undergo a greater pro- 
portional reduction of working power. 

It is scarcely necessary to mention that the microscopical differences 
between the four muscles under discussion are not considered exhaus- 
tively here. Interesting details respecting nuclear and myofibril char- 
acters, the occurrence and distribution of mitochondria and glycogen, 
blood and nerve supply and connective tissue distribution, all remain 
to be investigated. A study of the length of the muscle fibers by the 
methods recently described by Huber ' might also prove of considerable 
interest. 

There is good reason to believe that the striking physiological and 
chemical differences which Lee and his collaborators have demonstrated 
in these four muscles are paralleled by no less remarkable morpho- 
logical differences. 
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EXPLANATION OF FIOURBS. 

The figures are photo4uicrograph8 o( transrerBe sectloiui o( different 
mnsdee of an adult cat The sectiona were cat on a freeslng microtome 
and stained for fat with Herxheimer's Sudan III. All the photographa 
were made with Leits Obj. 4, Oc 1, and are reproduced full else, X200. 
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A METHOD OF CLEARING FROZEN SECTIONS. 

By H. HAYS BULLARD. 

(From the Department of Pathology of The Johnt Hopkins University, 
Baltimore, Md.) 

Frozen sections stained for fat with Herxheimer's alkaline-alcoholic 
Scharlach R are more transparent and show more detail than do sec- 
tions which have not been treated with the alkaline solution. This 
suggested the use of alcoholic NaOH as a clearing solution. Even thick 
sections cleared by this method show a satisfactory sharpness of cell 
detail. The clearing action of the NaOH is apparently dependent upon 
the partial transformation of protein into the less opaque alkali- 
albuminate. 

The best photomicrographs of frozen sections in the literature known 
to the writer were published by Ewald and Schaefer* in 1913. It is 
significant that these authors used Herzheimer's method^ although they 
do not place any emphasis upon its advantages in photomicrography.* 

The following is the method in detail : 

1. The material is employed fresh or after fixation in formalin or 
formalin-saline. 

2. Sections are cut on the freezing microtome as thin as practicable, 
and put into water or 30 per cent alcohol. 

3. Transfer sections to 60 per cent alcohol for from two to three 
minutes. 

4. Transfer sections to an alkaline alcoholic solution (formula given 
below) for from 5 to 15 minutes. If it is desired to stain fat, the clear- 
ing solution is omitted and in its place is substituted Herzheimer^s 
Scharlach R or Sudan III, in a tightly closed dish for from 5 to 15 
minutes (formula given below). 

5. Wash sections in 60 per cent alcohol for about 20 seconds; then 
transfer to 30 per cent alcohol and to several changes of distilled water 
for from 15 to 20 minutes. 

* The photographs published by the writer in a separate paper in the 
present number of this journal are made from frozen sections stained for 
fat by Herxheimer's method. Although these photogn4;>hs are presented 
in no sense as models, it is believed that they represent an advance over 
those to be secured from frozen sections by other methods. 
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6. Stain in hematoxylin (formula given below) for from 1 to 15 
minutea. The exact time required depends upon the reaction of the 
tissue and must be determined by experiment. If the time is properly 
regulated, the nuclei stain intensely enough; cytoplasm, connective- 
tiraue fibrils, etc., are not colored. 

7. Wash in distilled water and mount in glycerine or levulose syrup 
(crystals). Acid alcohol and ammonia water are not used. Aqueous 
eosin may be used as a counter-stain, but should not be employed when 
the fat stain is used. 

Clearing Solution. — ^This consists of from 55 to 70 per cent alcohol 
in which is dissolved 0.5 to 2 gm. of NaOH to 100 c c. of solution. The 
more aqueous solutions (55 to 60 per cent alcohol) exert a greater 
clearing action, but with these solutions tissue sections are, in some 
cases, so much softened that they are easily distorted while being 
stained and mounted. This is partictdarly true when fresh imfixed 
material is employed. The clearing action of the 70 per cent solution 
is less pronounced. With this solution, however, sections are not 
easily distorted. The exact strength of alcohol and of NaOH which 
will give the desired result with any given tissue must be determined 
by experiment in each case. Sixty per cent alcohol with 1 gm. of 
NaOH to 100 c. c. of solution is usually satisfactory. 

Herxheimer^s Fat Stain, — ^The formula for this stain was published 
by Herxheimer ' in 1901. It is a very concentrated solution and gives 
precipitates unless carefully handled. As pointed out in a previous 
paper,' Herxheimer's stain, when properly used, gives results superior 
to those obtained with osmic acid or simple alcoholic solutions of 
Scharlach B or Sudan III. 

The formula is as follows : 

70 per cent alcohol 100 c. c. 

NaOH 2 gm. 

Scharlach R or Sudan III to saturation. 

When first prepared, the stain, in a loosely corked bottie, may be 
heated in a water bath. It should not be boiled and should stand for 
24 hours before being used. One may, in some cases, secure beautifully 
clear sections by preparing the stain with from 55 to 60 per cent 
alcohol instead of 70 per cent. Keep tightiy stoppered and filter imme- 
diately before using. (The method of using is given above.) 

Hematoxylin Solution, — For frozen sections cleared in alcoholic 
NaOH, or after Herxheimer^s stain, hematoxylin of the following 
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formula gives more satisfactory results thaii other hematoxylin solu- 
tions which were tried. 

Distilled water 24 c c 

Glacial acetic acid Ice. 

2 per cent potassium alum (aqueous) 50 c. c. 

1 per cent hematoxylin in absolute alcohol 10 c. c. 

0.1 per cent chromic acid (aqueous) 5c.c. 

Pure glycerine 10 c c 

Thymol, a small crystal. 

The solution is ready for immediate use and keeps for from six to 
eight months. (Keep tightly stoppered.) Filter immediately before 
using and use full strength. (The method of using is given above.) 

LlTBRATUBB CiTED. 

1. EwALD, Walthkb: Abhandlimgen Senckenbergischen Natur- 

forschenden Gesellschaft, 1913, XXXI, 110. 
ScHAKPFBR, P.: iWd., 1913, XXXI, 153. 

2. Herxhbimer, O. : Deutsche med. Wochen., 1901, XXVII, 607. 

3. BuLLAM), H. Hats: Jour. Med. Research, 1912, XXVII, 65. 



Digitized by 



Google 



Digitized by 



Google 



ON THE OCCUHRENCE AND SIGNIFICANCE OP FAT IN 
THE MUSCLE FIBERS OF THE ATRIO-VENTRICULAR 

SYSTEM. 

By H. HAYS BULLARD. 

(From the Department of Pathology of The Johns Hopkins University, 
Baltimore, Md,) 

This paper is a statement of conclusions drawn from the study of 
the microscopically demonstrable fat content of the muscle fibers of 
the atrio-ventricular system in 27 human hearts. In discussing this 
special feature of the pathological anatomy and physiology of the 
A. V. S., it is of interest to recall some of the reasons, apart from the 
occurrence of spontaneous and experimental heart-block, that we now 
have for considering this system an anatomical and physiological entiiy. 

Mall * has worked out the development of the A. V. S. in the human 
heart. He finds that the fibers of the bimdle do not grow down from 
the sinus, as was held by Retzer,' but develop from the posterior wall 
of the atrial canal. Histological differences between muscle fibers of 
the A. V. S. and cardiac muscle have been described by Purkinje,* 
Tawara,* De Witt ' and others. A special relatively independent blood 
supply for the bundle has been described by Keith and Flack * and by 
Monckeberg,' and an independent nerve supply by Wilson,' Morison,* 
and Engel." Tawara * pointed out that the A. V. S. is isolated from the 
cardiac musculature by a connective-tissue sheath. Remarkably com- 
plete injections of the sheath have been made by Lhamon," Cohn " and 
others. Injections of the sheath in human and dog hearts are less 
successful than in the sheep, ox or pig. Aschoff " and Monckeberg " 
observed that the bundle is unaffected in both atrophy and hypertrophy 
of the heart. Marchand " found a higher glycogen content in Purkinje 
fibers than in cardiac fibers. This observation was confirmed and 
extended by Aschoff and Nagayo.** 

The occurrence and significance of fat in cardiac muscle fibers is to 
be here considered only for the purpose of comparing it with the fat 
content of the A. Y. fibers. It may be well, however, to mention that 
a nuinber of investigators have observed fat in the apparently normal 
cardiac muscle of various animals, including, in certain cases, man 
25 
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(Ostertag,*' Ricker and Ellenbeck," Fibiger,** Arnold" Keinath," 
Babes" Hofbaner" Bell" Wegelin"). Knoll" found that during 
Btarration fatty droplets disappear from the skeletal and cardiac muscle 
of pigeons. In the skeletal and cardiac muscle of normal rats. Bell " 
demonstrated an increase in the fat content of the fibers when fatty 
foods were given, and a decrease or total disappearance when all food 
was withheld. After a study of 200 hearts from rats, cats, dogs, oxen, 
sheep, pigs and other animals, the writer " came to the conclusion that 
a variable amount of microscopically demonstrable fat is normally 
present in cardiac muscle and in fibers of the A. V. S. 

Technique. — The material was obtained as soon after death as pos- 
sible, and only from bodies in which little postrmortem change had 
occurred. In animals it is found, in certain cases, that fat in tissue 
cells readily undergoes obscure postrmortem changes that make its 
microscopical demonstration difficult or impossible. Frozen sections 
were made from fresh material, and also from that which had been 
filed for a few hours in 20 per cent neutral formalin. Frequently 
with the tissue of the fetus and young individuals and less frequently 
with those of adults, it is observed that little or no fat can be demon- 
strated in sections after formalin fixation, although a considerable 
amount may have been stained in the fresh tissue. It is, therefore, 
necessary to use sections or 'teased preparations of the fresh material 
for controls. Sections of formalin-fixed material, however, are usually 
more satisfactory for study. The sections were stained with Sudan III 
and Scharlach B by Herxheimer's method. The method has marked 
advantages over others in common use, and is given in detail in the 
paper on the clearing of frozen sections published in the present number 
of this report. 

Chemical Nature of Fat. — ^The term fat, as used in this paper, 
includes all droplets which stain intensely with Herxheimer's Schar- 
lach B and Sudan III. These droplets are completely dissolved out of 
tissue sections by absolute alcohol, ether and ofter fat solvents. Tests 
made on a considerable number of specimens show that the droplets 
are not doubly refractive, are not easily rendered insoluble by potas- 
sium bichromate and do not stain with basic aniline dyes. This com- 
bination of properties makes it seem probable that the droplets are 
predominately neutral fat and not a cholesterin compound or 
phospho-lipin. Fatty pigment or lipochrome is colored by Schar- 
lach B and by Sudan, but on the basis of morphology and cytological 
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relations is easily distinguishable from the fat droplets. In the 
findings given in the table^ fatty pigment is not included. 
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4 months . 
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37 years. 
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42 years. 
44 years. 

47 years. 
49 years. 

60 years. 

60 years. 

69 years. 

62 years. 
71 years. 



Anatoraiotl di i gn o t li. 



Prematurity 

Prematurity 

Prematuri^ 

Prematurity. . .» 

Prematurity 

Prematurity 

Pulmonary atelectasis, broncho- 
pneumonia, fatty liver. 

Purulent meningitis, broncho- 
pneumonia. 

Efrysipelas, broncho • pneumonia, 
syphilis. 

Broncho-pneumonia 

Necrotizing laryngitis and tra- 
cheitis, broncho-pneumonia. 

Syphilis, broncho-pneumonia 

Empyema, fibrino - purulent per- 
itonitis and pericarditis,S3rphilis, 

Multiple conglomerate abscesses 
of kidney. 

Fibrinous peritonitis, broncho- 
pneumonia. 

General miliary tuberculosis 

Acute endometritis and salpin- 
gitis. 

Purulent meningitis, cerebral ab- 
scess. 

Chronic diffuse nephritis 

Extensive superficial bums, bron- 
cho-pneumonia. 

Pernicious anemia 

Glioma of brain, broncho- 
pneumonia. 

Exophthalmic coitre, excision of 
right lateral lobe of thyroid. 

Chronic ulcerative pulmonary tu- 
berculosis, broncho-pneumonia. 

Syphilis of aorta and aortic valve, 
fibrinous pericarditis, broncho- 
pneumonia. 

Lobar pneumonia, acute vegetative 
mitral endocarditis. 

Periurethral abscess, thrombosis 
of femoral vein. 



fat 
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▼cntricnUr 



Amount of f«t 
in left branch 
of Hit bundle. 



Moderate.. 

Kofat... 

Moderate., 

Moderate.. 

Moderate.. 

Small 

Small 



Moderate.. 
Small 



Moderate.. 
Small 



Small 

Moderate.. 

Small 

Moderate.. 



Small...., 
Moderate.. 



Small. 



Small 

Very small. 



Large. 
Small. 



Large 

Very small. 
Moderate.. 

Very small. 
Very small. 



Small. 

No fat. 

Moderate. 

Small. 

Moderate. 

Moderate. 

Moderate. 

Large. 

Small. 

Moderate. 
Moderate. 

Small. 
Moderate. 

Large. 

Moderate. 

Moderate. 
Large. 

Large. 

Lara;e. 
Moderate 

Large. 
Large. 

Very large. 

Moderate. 

Largo. 

No fat. 
Small. 



Occurrence of Fat in Cardiac Fibers. — ^In the case of pemieious 
anemia^ No. 21 in the table^ the heart muscle presented typical patho- 
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logical fatty change both macroscopically and microscopically. The 
fatly mottling of the myocardium was very pronounced. In other 
cases listed in the table^ the fat was not evident macroscopically, 
although in most cases it was d^nonstrated in considerable amoimts 
microscopically. Eyselein " reports somewhat similar observations. He 
demonstrated fat microscopically in the muscle fibers of 25 per cent of 
385 human hearts, although he was able to observe typical fatty 
mottling in a comparatively few cases. In most of the cases reported 
in this paper, fat droplets are present in nearly every fiber. Some 
fibers are much more fatty than others. The individual droplets occur 
in longitudinal and transverse rows between the myofibrilke. The 
muscle fibers show no degenerative changes. From an examination of 
these and other cases, the writer is of the opinion that man is no 
exception to the rule that microscopically demonstrable fat occurs 
normally in cardiac muscle. 

Occturence and Distribution of Fat in A. V. Muscle Fibers. — ^Refer- 
ence to the table will give some idea of the general occurrence of fat in 
fibers of the bundle in the cases examined. The findings given in the 
table are based on an examination of sections cutting the left branch 
a short distance from its origin. In each case several sections from this 
situation were examined, and in many cases sections were also cut from 
the right branch as it crosses in the moderator band, from the bases 
of the papillary muscles, and from the node and main stem of the 
bundle. In nearly all cases numerous very small fat droplets were 
scattered irregularly in the muscle fibers of the node. The total 
quantity of fat in the fibers of the node was, however, quite small in 
every case. The stem of the bundle shows more fat than does the node, 
but less than the two main branches or the end branchings. Of the 27 
cases listed in the table, at least a small amount of fat was present in 
fibers of the left branch of the bundle in 25 cases. The amount of fat 
in the fibers of the right limb and in the end branches was similar to 
that observed in the left branch. 

The distribution of the fat was rather irregular. In several cases 
all the fibers contained numerous fine droplets averaging l/n in diameter. 
In a second group of cases the droplets averaged from 2 to 3/a in diam- 
eter, and occurred usually in groups or clusters in certain fibers, others 
being apparently fat-free. In the group of cases showing a large 
amount of fat, nearly all the fibers contained numerous large and small 
droplets. In all cases the droplets were in the cytoplasm, not in the 
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fibrillffi. No constant arrangement of fat with respect to the nnclel 
was observed. 

Relation of Fat in A. V. Fibers to That in Cardiac Fibers. — Moncke- 
berg " observed the occurrence of fat in the A. V. fibers unaccompanied 
by fatty cardiac fibers. His observations have been confirmed by some 
and denied by others. In three cases listed in the table, the A. Y. 
fibers show less fat than the cardiac fibers, in nine the quantity is 
approximately the same in the two, in 15 the A. V. fibers have more 
than the cardiac. In a majority of cases the quantity of fat in the 
A. y. fibers is greater than in the cardiac fibers. This is in agreement 
with the findings of Engel," and contrary to those of Sternberg," Low " 
and Monrad-Krohn.*^ Although the amoimt of fat in the two sets of 
fibers does not run parallel, the divergence is not so great as one would 
expect if there were absolutely no common factors concerned in the 
production of fat in the two situations. In the human heart a large or 
small amoimt of fat in the cardiac fibers usually indicates a somewhat 
similar and but slightly larger amoimt in the A. V. fibers. A sufficient 
number of cases, however, show a wide divergence in the amount of fat 
in the two situations (Cases 14, 18, 19, 22) . In these cases the amount 
of fat in the cardiac fibers is so small that it would be easily overlooked 
if osmic acid or simple alcoholic solutions of Sudan III or Scharlach R 
had been used as stains. If we disregard this small amount of fat in 
the cardiac fibers we may consider these cases as a confirmation of 
Monckeberg's observations on the occurrence of isolated fatly A. V. 
fibers. 

A comparison of the fat content of the A. V. and cardiac fibers in 
animals is of interest In the 30 hearts of cats previously described by 
the writer, eight liad more fat in the Purkinje fibers, six had more in 
the cardiac fibers, and in 16 animals the amount in the two sets of 
fibers was approximately equal. In six hearts of dogs the A. V. con- 
tained slightly less fat than the cardiac fibers. In the pig, sheep and 
ox (22 animals) the A. V. fibers contained only a small amount of fat, 
and this was so even when the cardiac fibers were very fatiy. In sec- 
tions stained with Herxheimer's Scharlach or Sudan, the almost 
fatrfree A. V. fibers were easily followed for long distances among the 
fatty cardiac fibers, especially in the papillary muscles. This normal 
condition in the hog, sheep and ox is in striking contrast with condi- 
tions observed in the human heart where it is frequently possible to 
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trace the A. V. system because of its predominately fatty fibers. The 
heart of the cat in this respect resembles the hmnan. 

Relation of Age to Fat Content of A, V. Fibers. — In the cases here 
reported fat occurs in the A. V. fibers in the f etns, in childr^i and in 
adults both yonng and old. Apparently there is little or no relation 
between fat in the A. V. fibers and the age of the person. The same is 
true in animals where fat occurs in the fetus as well as in adults. 
Engel ** and Aschoff " found no fat in the A. V. fibers of the human 
heart in subjects under 40 years of age. The amount of fat in Purkin je 
fibers was thought to increase with age. It is probable that the results 
here reported differ from those of Engel and Aschoff primarily because 
of factors which have been mentioned under the heading of Technique. 

Physiological Significance of Fat in A. V. Fibers. — Fat in the A. V. 
fibers is by different authors associated with cardiac irregularities and 
sudden death (Monckeberg **), cardiac irregularities in toxic conditions, 
especially in diphtheria (Amenomiya" Tanaka"), senile or pre-senile 
changes (Aschoff, Engel), and it has been reported as the principal 
lesion in a case of heart-block (Butler **). In the small number of 
cases here reported, it has been impossible to determine any relation 
between the occurrence of the fat and definite clinical manifestations 
or associated pathological conditions. Clearly the occurrence of fat in 
the A. Y. fibers is not to be regarded as a senile change, neither is it 
a sufficient anatomical finding in cases of heart-block. 

The regular occurrence of fatty A. V. fibers in the hearts of animals 
and apparently in the human heart naturally suggests the idea that 
its presence is concerned with normal and not pathological metabolism. 
This is rendered the more probable by the absence in these cases of 
associated pathological changes in the A. V. fibers. We now know that 
fat can be microscopically demonstrated in the normal cells of many 
organs, and under strictly physiological conditions the amount in the 
cells of a given tissue may vary between wide limits. Pathologically, 
the normal picture is to a greater or less extent changed as the result 
of altered cell metabolism following certain toxic conditions and circu- 
latory disturbances. It is probable that the same is true of fat as it 
occurs in the A. V. fibers. In order to define accurately the normal 
picture of the fat content of these fibers, together with some of the 
pathological variations, it will be necessary to examine a greater num- 
ber of cases than are here reported. 
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SUHHABY AND CONCLUSIONS. 

In this inyestigation the muscle fibers of the atrio-ventricular system 
of 27 human hearts were examined microscopically for fat In 25 cases 
fat droplets were demonstrated in the sarcoplasm of the fibers. The 
fibers of the A. V. node contained little fat. A considerable amount 
occurred in fibers of the right and left branches and in the end 
branches. In most cases more fat was present in the A. Y. fibers than 
in the cardiac fibers. The occurrence of fat in the A. V. fibers of 
normal animals is also discussed. 

Fat in the muscle fibers of the A. Y. S. is by different authors asso- 
ciated with senile changes^ cardiac irregularities^ sudden deaths and 
heart-block. In the cases here reported no relation is observed between 
the age or clinical conditions and the occurrence of fat in the fibers. 
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STUDIES ON THE METABOLISM OP CELLS IN VITBO.* 

I. The Toxicity op a-AifiNO-AciDs fob Embbyokio Chicken 

Cells. 
By MONTROSE T. BURROWS, M.D., and CLARENCE A. NEYMANN, M.D. 

(From the PathoU>ffic(U Lahoratory and the Labaraiwry of Intemai Medir 

cine, Henry Phipp$ P9ychiatric Clinic, The JohnM 

HopkinM Univer$ity, Battimcre.) 

A synthetic medium suitable for the growth of tissue cells outside 
of the animal organism has not been discoTered up to the present time. 
Since the preparation of such a medium would lead directly to a better 
understanding of cellular metabolism, this problem has stood forth 
as one of the most important of those presented by the tissue-culture 
method. 

Prom earlier observations evidence had already been obtained which 
showed that the ingredients essential for the building of new cells 
and the liberation of energy in the cultures come directly from the 
tissue fragments. The growth observed is a manifestation of a simple 
transfer of materials from the more central portions of the fragment 
to the cells at the periphery, or, in other words, the preying of one cell 
in a more suitable environment upon its neighboring cells in an unsuit- 
able one. This is true in cultures where simple isotonic salt solutions 
have been used as the media. That it is also true in the case of the 
plasma culture can be readily shown by repeatedly changing the 
medium or transplanting the cells to drops of fresh mediimi. All 
activity ceases after a few transplants^ or when the celk within the 
fragment have become exhausted. 

One of us,t in a recent study, has shown that tissue cells are not 
highly organized elements. Their various manifestations of life are 
the result of reactions between themselves and a specifically organized 
environment The form of the manifested change is determined by 
the peculiar organization and composition of the environment. Growth 

^ Published In The Journal of ESzperlmental Medicine, January 1, 1917, 
Vol. XXV, Na 1, pp. 93-108. 

t Read before SecUon VIII, Subsection B, Second Pan-American Sdentlflc 
Consrees and the American Cancer Society, Washington, January 6, 1916. 
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associated with mitotic cell division is seen only in cells which have 
become passively placed at the interspace between certain insoluble 
substances and the medium. These substances are liberated from the 
cells when they are removed from their normal habitat to an oxygen- 
containing plasma or salt solution. The substances are almost trans- 
parenty their refraction is not very different from that of the original 
medium, and they accumulate at the surface of the medium to form a 
membrane. They are liberated in large amounts from a tissue- 
fragment rich in cells. 

A cell brought in contact with the surface of this transparent sub- 
stance adheres to it and flattens over its surface. Such a cell grows 
and divides by mitosis when oxygen is present and the waste products 
remain below a certain concentration. 

A single isolated cell when placed in a drop of fresh plasma does not 
grow and divide. It may show movement. Connective-tissue cells 
often assume spindle and irregular stellate shapes. These simple 
activities lead, however, apparently to the exhaustion of these cells. 
They come to rest after a short period and show evidences of deterior- 
ation through vacuolization and failure to stain sharply. 

All cells that grow in these cultures grow at the expense of their 
neighbors. In the culture the cells at the border of the fragment grow ; 
they have come in contact with a layer of the transparent substances 
mentioned above, which was liberated by the large number of cells 
deteriorating in the center of the fragment. These cells within the 
fragment about which the border cells are growing actively soon become 
reduced to mere shadows. This deterioration goes on to such an 
extent that they no Icmger stain. 

With the increase in the concentration of the waste products, the 
activity of the cells in the outer medium not only becomes less and less, 
but there is also a decrease in the liberation of substances from the 
fragment. Eventually the whole system comes to a state of complete 
inactivity or equilibrium. Such a system remains without further 
change often for a period of time, sometimes as long as six months, at 
incubator temperature and in the presence of an ample supply of 
oxygen. If the cells and the fragment at any time during this period 
are removed to a fresh medium, normal activity is again observed, pro- 
vided the fragments and the cells have not been transplanted frequently 
at a previous time, or become exhausted of this substance, or of sub- 
stances which lead to its formation. 
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If cells are placed in a medium where the mechanical conditions are 
such that these substances cannot diffuse out from the fragment over a 
surface^ or the cells are prevented from coming in contact with this 
surface, growth followed by mitotic division does not take place, but 
other forms of change result. By merely changing the mechanical 
organization of the culture or changing the differential surface tension 
of the cell, it has been found possible to change its form, structure and 
the manifested activity associated with it. Heart muscle cells, when 
placed in a medium where they may be passively carried against the 
flat surface of these substances, lose their myofibrillar structure and 
grow and divide by mitosis. They resemble in every way growing sar- 
coma ceUs. The same cells may again be caused to grow to form a 
syncytium, their nuclei dividing by a mitosis. Again, they may be 
caused to round off and resemble large mononuclears, or to differentiate 
into myofibrils and vice versa. The contracting heart muscle cell is a 
cell which has become stretched through a serum cavity between the 
surface formed by the substances diffusing from the fragment and an 
elastic band of fibrin. One end is adherent to the surface and the other 
to the end of the band of fibrin. The cell is elongated and spindle in 
shape. Its elongated shape is maintained by the stress of the fibrin. 
The surface of the cell, which is unattached to the fibrin or the surface 
of the substances coming from the fragment, is sharply defined. It 
has a high surface tension. The points of active change in such a cell 
are evidently the points of contact. 

The cells of higher animals are, therefore, strikingly different from 
many xmicellular organisms, such as the paramecium etc., which con- 
tain within themselves all the necessary organization for their growth. 
Growth and the various manifestations of life of the animal cell are 
differential surface tension phenomena which are under the control 
of the environment. Their manifestations of life are manifestations 
of *' tissue rather than cellular reaction.** f 

The growth of the cells in the culture depends upon the presence 
of certain specific substances which are liberated by their neighbors 
and a specifically organized environment. The growth itself is evi- 
dently a highly specific reaction. It is a reaction which one might 
readily assume would continue as long as these specific substances are 
liberated from the fragment, the proper mechanical organization i$ 
maintained about the cells, ample supply of oxygen is present, and the 
waste products of the reaction are removed. 



Digitized by 



Google 



344 Montrose T. Burrows and Clarence A. Neymann. 

The questions that confronted us primarily in a further study of 
these cultures are: What is the nature of these substances? How are 
they formed in the body xmder normal conditions? Can any part of 
the body live an independent existence when isolated from the other 
parts ? Is the organization of the culture such that it will be able to 
form these substances from simple food bases? The unicellular organ- 
ism is capable of breaking down complex substances and building its 
Yarious component parts from the products liberated. Are these sys- 
tems which have been isolated^ tissue cultures^ also capable of an inde- 
pendent existence? Is the failure to demonstrate any actual increase 
of protoplasm in the plasma culture indicative that these organizations 
are not able to live an independent existence^ to build these substances 
from the food bases, or is it indicative merely of the lack of the proper 
food bases in the plasma which has been used as a medium? 

The fact that plasma contains carbohydrates, proteins, and fats 
made it seem plausible to assume that these systems are unable to 
utilize them directiy as food substances. That in the ordinary plasma 
cultures these food bases are insu£Bcient for the building of new cells 
can be shown definitely not only by the failure of the cells to continue 
to grow after several tiransplants, but further by actual measurements. 
The sum of the masses of new cells formed in each transplant is always 
less than the original mass. One could readily consider in a well- 
regulated series that it represents the original mass minus the energy 
of transfer. 

Experimental. 

In the present series of experiments we tried to determine whether 
the addition of any substance to the plasma would prolong the growth 
of the cells. The addition of certain carbohydrates and fats did not 
affect the growth to any degree. During the course of further experi- 
ments we had the opportunity to try certain hydrolytic products of the 
protein of egg-yolk. Since the results of these experiments have a 
certain interest in themselves, we decided to report tiiem separately at 
this time. 

KBTHOD. 

The tissues used for these experiments were heart muscle and pieces 
of the body wall of chick embryos and fetal chickens. The control 
medium for the experiments consisted of one part of fresh plasma, 
containing a moderate amount of fat, and one part of a 0.9 per cent 
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sodium chloride solution. In the experiments the same proportions 
were used: one part of the isotonic solution of the substance to be 
tested was added to one part of the same plasma. 

Fragments of heart muscle 1 mm. in diameter are placed in a layer 
of medium spread over the surface of a cover-glass. This layer has a 
thickness of 0.5 nmi. A hollow ground slide is inverted over the drop, 
and the edge of the cover sealed to the slide with vaseline and paraffin. 
The cultures are placed in an incubator kept at a constant temperature 
of 39.4** C. They are examined under a microscope that is kept in 
a chamber heated to the same temperature as that of the incubator. 

After three days* incubation, the growth of each is recorded and the 
fragment with the cells about it from each of the cultures is carefully 
transferred to a new drop of the medium, in which it has been pre- 
viously grown. At the end of another three days the growth is again 
recorded and the fragments and cells are again transplanted, and so 
on until no more activity is seen. 

The growth in these cultures takes place as a nde along a single 
plane. A rough estimate of activity can be made by measuring the area 
covered by new cells about a fragment. There are always, however, 
a number of cultures in which the cells grow in several planes. On 
this account we have decided that a more accurate estimate can be 
given by the use of a relative term -f, rather than by the direct 
numerical measurements. In the tables we have used this method of 
recording activity. 

Plasma has been used in these experiments not only because it was 
of interest to test this medium more carefully, but also because when 
it is used it is possible to obtain a constant and readily predicted 
cellular activity in the control cultures. This has not been found to 
be true for any of the simple liquid media. The proper mechanical 
conditions in the latter cultures are difficult of manipulation. 

In the first series of experiments, we prepared peptones from the 
yolks of eggs ; that is, they were prepared from the specific food pro- 
teins of the embryonic chicken cells. These peptones were obtained by 
the use of the general method described by Abderhalden * and slightly 
modified by us as follows: 240 gm. of coagulated egg-yolk are dried 
and pulverized, and treated with 1000 gm. of 70 per cent (by weights 
of pure sulphuric acid. The coagulated yolk does not dissolve as 

^Abderhalden, B., Defensive Ferments of the Animal Organism, New 
York, 1914, 204. 
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readily as one might wish^ so the mixture is shaken vigorously for an 
hour. A thick scum forms on the top, the rest of the material going 
into solution. This scum is removed. It proves to be fat The 
brownish purple solution is next allowed to stand at room temperature 
for three days. It is frequently shaken during this time and then 
transferred into a 20-liter mixing jar, the latter being packed in a 
freezing mixture where it is cooled thoroughly. Ten liters of water are 
then added very slowly, while stirring, keeping the temperature below 
20* C. After this, enough barium hydroxide in crystalline form is 
added to give the solution a neutral reaction towards litmus. This 
process requires great care. It is best to calculate the exact quantiiy 
of barium hydroxide needed, to add nearly this quantity, and thea 
proceed gradually. The solution must be stirred constantly in order 
to keep the temperature below 20^ G. at all times. The voluminous 
precipitate of barium sulphate is best separated from the digested 
solution by means of a centrifuge. This solution is next treated alter- 
nately with 0.1 N barium hydroxide and 0.1 n sulphuric acid until the 
addition of an excess of either to a filtered or centrif uged sample does 
not give a further precipitate of barium sulphate. Of course, an addi- 
tion of barium hydroxide to a peptone solution will sometimes give a 
precipitate of barium peptonates, but these are soluble in dilute nitric 
acid, while barium hydroxide is not. Thus an absolutely neutral solu- 
tion is prepared. This solution of over 10 liters in quantity is next 
concentrated under reduced pressure until about 100 c. c. of a syrupy, 
light yellow liquid results. This is treated with about 2 liters of hot 
methyl alcohol and filtered into 10 liters of chilled ethyl alcohol. A 
white precipitate results, and is quickly filtered off by the aid of a 
suction pump and dried in a desiccator. The color of the resultant 
powder is light yellow. 

These peptones gave all the true peptone reactions. They were 
absolutely soluble in a saturated solution of anmionium sulphate and 
remained unchanged as regards color on boiling with a solution of 
sodium hydroxide, to which a drop of lead acetate solution had been 
added. They were dialyzable through a dialysis tube impervious to 
albumin, and the dialysate gave a typical blue ninhydrin reaction. 
Finally, they gave a reddish biuret reaction, and their microscopic 
appearance was similar to that of commercial silk peptone. 

A large amoxmt of this peptone, namely, 2.5 per cent, can be dis- 
solved in 0.86 per cent sodium chloride solution, without making the 
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solution hypertonic and thereby killing the ceUs. This solution is 
mixed half and half with plasma. The growth, as is shown in Table I, 

TABLB I. 

TU$ue: Fragmente of the heart muecle of a It day iM cMcken embryo. 
Medium: Isotonic solntions of peptone, tM per cent, in sodiwm chloride 
solution, 0,85 per cent, 1 part. 
Plasma, 1 part. 
Control Medium: Bodium chloride solution, 0J9 per cent, 1 part. 
Plasma, 1 part. 



I" 


1^ 


Growth of trainplantt. 




lit. 


Sd. 


Sd. 


4th. 


6th. 


ath. 


7th. 


Pep- 
tone. 


1 
2 

3 


+++ 


+-I-+-I- 
++++ 

+-!-+++ 




+ 
++ 

+++ 



Few 
celli. 

+ 





Few 
celU. 
Few 
oelli. 











4 


++++ 


++-I-+ 


++++ 


+++ 


++ 







5 


++++ 


+++++++ 


-I-++++-I- 


++++++ 








Con- 
trol. 


6 

7 
8 


-I-I-I-I-I- 


++++ 


-1-1-++ 
++ 


++++++ 




++ 



Few 
oelli. 












9 
10 


-|-|-h++ 


-l-l-+-h+-l-+ 


++ 


+++ + 
++ 



Few 
celU. 







* In the tablet the daahei indicate that the miltiire waa loat through breakinff of the f laas illde, 
infection, or other cauaea. 

Cultures 1, 2, 3, 4, and 5, continued regularly up to the sixth trans- 
plant. After this the various fragments became exhausted. The con- 
trol cultures, 6, 7, 8, 9, and 10, behaved in exactly the same manner. 
From this we conclude that peptones do not in any way enter into this 
growth reaction. They did not prolong it, and no change of any kind 
was noted from their addition. 

We next turned our attention to the study of a-amino-lftcids. The 
complete hydrolysis of egg-yolk promised a yield of a-amino-acids in 
the same proportions as they actuaUy occur in the protein molecule, 
the only a-amino-acid which does not give a yield on add hydrolysis 
being tryptophane. This seemed to be the easiest and most direct way 
of procedure. Consequently a digestion mixture was prepared by 
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dissolving dried egg-yolk, from which the fats had been extracted with 
ether by means of a Soxhlet apparatus, in a 70 per cent (by weight) 
solution of sulphuric acid. After the protein had gone into solution, 
enough water was added to make this a 25 per cent solution of sul- 
phuric acid. The entire mixture was then heated in a flask with a 
reflux condenser until a biuret reaction was no longer obtainable. This 
acid solution was next neutralized with barium hydroxide in exactly the 
same manner as stated above for the preparation of peptones. After 
this the solution was concentrated under reduced pressure at 40^ G. 
until evaporation to dryness gave a 3 per cent residue, which we believe 
consists for the most part of a-amino-acids. Plasma was diluted with 
this mixture. To our surprise all the cells were dead in 48 hours, 
whereas the control cultures in plasma alone grew and kept on growing 
as usual when they were transplanted. We did not consider this pecu- 
liar result due to the possible toxicity of the a-amino-acids as such, 
but thought that traces of sulphuric acid or barium hydroxide caused 
the death of the cells. In order to make sure that this was the case, a 
part of the digestion mixture was further concentrated to one-flf th of 
its volume, divided in two portions, and each portion tested wiih an 
excess of 0.1 n sulphuric acid and 0.1 n barium hydroxide respectively. 
No precipitation occurred. 

Discarding the idea that a trace of sulphuric acid or barium 
hydroxide could be the cause for failure, we considered hypertoniciiy 
as a possibility. A simple way of testing whether a solution is isotonic 
or not towards chicken cells is by the use of chicken erythrocytes. The 
red blood corpuscles are nucleated and consequently have a bulge in 
the middle of the disc. This bulge is especially conspicuous when the 
corpuscle is seen on end. If a solution is hypotonic, the surrounding 
disc will swell and this bulge vrill become less marked. If, on the other 
hand, solution is hypertonic, one sees characteristic shrivelling around 
the edge of the disc. It is, of course, understood that extremely hypo- 
tonic or hypertonic solutions will cause a dissolution of the corpuscles, 
a dissemination of the hemoglobin, and give a characteristic laked 
appearance. 

Making up various dilutions of the digestion mixture, we trans- 
ferred 1 c. c. of the dilutions to suitable test-tubes and added 0.25 c. c. 
of a 5 per cent suspension of washed chicken erythrocytes in 0.9 per 
cent sodium chloride solution. We then incubated it for four hours and 
compared it with the form of our control diluted with 0.9 per cent 
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sodium chloride solution and treated in exactly the same manner. 
Using the dilution which showed neither shriveling nor bulging, we 
prepared an isotonic digestion mixture. 

Renewed experiments with the digestion mixture gave practically 
the same results as before. A repetition of the experiment with a 
new digestion again resulted in the death of the cultures. A portion 
of the last digestion mixture was treated with hydrochloric acid gas to 
the point of saturation and allowed to stand in the ice-box for several 
days. We obtained a voluminous precipitate of glutamic acid hydro- 
chloride, showing its typical crystalline form. This gave the final 
proof that a-amino-acids were present. Even now we did not attribute 
our results to a toxic influence of the acids in themselves, but rather 
to the influence of the brown coloring matter in the solution, said to 
consist of caramelized carbohydrates, humin substances, etc. We 
therefore tried pure a-amino-acids. 

We used 10 of the acids in our first experiment; namely, glycocoU, 
alanine, cystine, valine, leucine, phenylalanine, tyrosine, tryptophane, 
oxyproline, and asparagine.* Some of the substances were synthetic 
(Merck and Kahlbaum preparations), while others were obtained by 
tiie hydrolysis of proteins, f 

To be sure of the substances which we used, the total nitrogen of each 
of the a-amino-acids was determined, their melting points were ascer- 
tained, and their crystalline forms observed. All these tests proved 
that we were dealing with chemical substances of the right molecular 
constitution containing no demonstrable impurities. 

Hot saturated solutions of these acids were prepared. The solutions 
were cooled, and each solution was tested with chicken erythrocytes for 
isotonicity by the methods described above. The more insoluble sub- 

* We used asparaglne in spite of the fact that it has not been found as a 
constituent of hydrolyzed animal proteins. The effect as shown in the 
tables is exactly the same as in the case of the other a-amlno-acids. Fig. 2 
is a fair representative of the appearance of any one of the cultures in which 
a-amino-acids had been added to the medium. This culture was selected 
for photographing because it was prepared practically at the same time as 
the controls. The tissue that was used was most similar and had suffered 
practically the same exposure as that used for the controls. 

t We wish to thank Dr. P. A. Levene, of The Rockefeller Institute for 
Medical Research, Dr. D. W. Wilson, of the Physiological Chemical Labontp 
tory of Johns Hopkins University, and Dr. R F. Ruttan, of McOill Univer- 
sity, for supplying us with some of the acids mwe difficult to manufacture. 
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stances, such as cystine, were primarily dissolved in isotonic salt solu- 
tion, as we could hope to obtain isotonicity in no other way. All these 

TABLE II. 

Tissue: Fragments of the heart muscle of a 12 day old chicken embryo. 
Medium: Isotonic solution of the a-amino-add, 1 part. 

Plasma, 1 part. 
Control Medium: Sodium chloride solution^ OS per cent, 1 part. 
Plasma, 1 part. 



Solutions used. 


Culture 
No. 


Growth of transplants. 




1st. 


2d. 


Glycocoll, 35 per cent solution,* 1 part, 


1 


-I-I-I- 


Few cells. 


and water, 19 parts. 


% 


++-- 


€€ €€ 




3 


-h-h+ 


tt H 




4 


-1-++ 







5 


+++ 




Alanine, 11 per cent solution, 1 part, 


6 


++ 


-1- 


and water, 13 parts. 


7 


-h++ 


Few cells. 




8 


-h++ 


+ 




9 


-I-+-I- 







10 


-I-+-I- 


Few cells. 


Valine, 8 per cent, 1 part, and water. 


11 


-I-+-I- 


Few cells. 


4 parts. 


12 


-I-+ 







13 


+++ 


Few cells. 




14 


-h++ 







15 


++ 




Leucine, 1.60 per cent, 1 part, and water. 


16 


-h-h-h+H-h 





2 parts. 


17 


++++ 







18 


+++ 







19 


++++ 







20 


++++-!- 





Cystine, 0.1 per cent solution, not di- 


21 


-I-+ 





luted. 


22 


+-h+ 


Few cells. 




23 


+-I- 


-h 




24 


+++ 


-h 




25 


-h++ 





Control. 


26 


-h++ 






27 


+++++-I- 


++-!-+ 




28 


-I-I-++++ 






29 


+++++ 


-l-+-h+-l- 




30 


++++ 


+-h+-h 



*A11 percentages given are approximate. 

solutions were diluted half and half with plasma and used as culture 
media. 
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Tables II, III, and IV give a survey of the experiments. In every 
ease the addition of a solution of a-amino-acids to the plasma results 
in the ultimate death of the growing cells, while the controls keep 
on with their regular development. The discrepancy between the 

TABLB III. 

Tissue: Fragments of the heart muscle of an 11 day old chicken embryo. 
Medium: Isotonic solution of the a-amino-acid, 1 part. 

Plasma, 1 part. 
Control: Bodium chloride solution, 0J9 per cent, 1 part. 

Plasma, 1 part. 



Solutions used. 


Culture 


Growth of transpUnta. 


No. 


l0t. 


id. 


8d. 


4th. 


Valine, saturated 
solution, cold, 1 
part, and water, 
3 parts. 


1 
2 
3 
4 


Few cells. 


Few cells. 













Glycocoll (Merck), 
saturated solu- 
tion, cold, 1 part, 
and water, 24 
parts. 


5 
6 

7 
8 




++ 
+++ 
+++ 
+++* 










Asparagine, satu- 
rated solution, 
cold, 1 part, and 
water, 3 parts. 


9 
10 
11 
12 




+* 

+ 

+ 

++ 










Cystine, saturated 
solution, cold, 3 
;>arts, and wa- 
1 »r, 2 parts. 


13 
14 

15 
16 


++-1-1-1-+ 
++++ 

++++ 
++++ 


+++ 
++++ 

++++ 


Few cells. 


+ Cells 
ronnded 
off.* 


Controls 


33 
34 
35 
36 


+++++ 

++ 

++ 

++++++ 


++++++ 

+++++ 

++++++ 

+++++++++ 


+ 

+ 


+ 

+ 
+ 

+ 



* All the pieces are contracting aetively. 

time required to kill the cultures described in Tables II and III, on 
the one hand, and in Table IV, on the other, the cultures of the latter 
series dying more quickly, is explained by the age of the embryo used. 
The cells of the younger embryo grow much faster and are less 
resistant to toxic influences than are those of an older embryo, as is 
known from numerous reported experiments. 
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TABLE IV. 

Tissue: FroQments of the body wall of a 5 day old chicken embryo. 
Medium: Isotonic solution of the a-amino-acid, 1 part. 

Plasma, 1 part. 
Control Medium: Bodium chloride solution, OS per cent, 1 part. 
Plasma, 1 part. 



Solution! oMd. 



Glycocoll, 35 per cent boIu- 
tion, 1 part, and water, 19 
parts. 

Alanine, 11 per cent solution, 
1 part, and water, 13 parts. 

Cystine, 0.1 per cent solu- 
tion, not diluted. 

Valine, 8 per cent, 1 part, 
and water, 4 parts. 

Leucine, 1 .66 per cent, 1 part, 
and water, 2 parts. 



Phenylalanine, 2 per cent, 
slightly hypotonic, not di- 
luted. 

Tyrosine, 0.285 per cent in 
. 85 per cent sodium chlor- 
ide, 2 parts, and water, 

1 part. 

Tryptophane, 1.66 per cent 
in 0.85 per cent sodium 
chloride, 1 part, and water, 

2 parts. 

Ozy proline, 10 per cent, 1 part, 
and water, 2 parts. 



Asparagine, 15 per oent, 1 
part, and water, 1 part. 



Control . 



Culture 
No. 



1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 



22 
23 
24 



25 

26 
27 

28 
29 
30 

31 
32 
33 



Growth after 
48boun. 



Few cells. 



Few cells. 



+ 
-l-l- 



-l-l- 



-h-l- 



-h-h 
Few cells. 






Growth after 72 hours. 



The cells have all rounded 
off and show distortion. 



The cells have all rounded 
off and show distortion. 

The cells have all rounded 
off and show distortion. 



The cells have all 
rounded off. 



The cells have all 
rounded off. 



++4- 

+++ 

The cells have all rounded 
off and show distortion. 



+ The cells have all 

-)-4-+ rounded off and 

-|— )- show distortion. 

The cells have all rounded 
off and show distortion. 



The cells have all rounded 
off and show distortion. 



The cells have all rounded 
off and show distortion. 
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In Table V, we tried more dilute solutions and, as this table indi- 
cates, the cells tend to resist this medium for a longer time. However, 
none of these cultures grew as long as the controls, which shows that 

TABLE V. 

Tissue: Fragments of the heart muscle of an 11 day old chicken embryo. 
Medium: Isotonic solution of the a-amino^cidy 1 part. 

Sodium chloride solution, 0.9 per cetit, 1 part. 

Plasma, 2 parts. 
Control: Sodium chloride solution, 0.9 per cent, 1 part. 

Plasma, 1 part. 



Growth of transpUnti. 



Solutions used. 


2© 
17 


Ist. 


2d. 


8(1. 


4th. 


Valine, saturated 


++4-4- 








solution, cold, 1 


18 


++++ 


+ Few cells. 








part, and water, 


19 


++ 








3 parU. 


20 


+++ 


++++ 


+++* 


+++♦ 

The cells 
have all 
rounded off. 


GlycocoU (Merck), 


21 


++++ 


+++++• 


+++♦ 


++++♦ 


saturated solu- 










The cells 


tion, cold, 1 part, 










have all 


and water, 24 










rounded off. 


parts. 


22 


+++++ 


+++++ 


+++♦ 







23 
24 


++++ 


++++ 






Asparagine, sat- 


25 


++++ 


+++++* 






urated solution, 


26 


++++ 


+ 4-+++* 


++++* 


++++♦ 


cold, 1 part, and 


27 










water, 3 parts. 


28 











Cystine,8aturated 


29 


+++♦ 


++++++* 


+* 





solution, cold, 3 


30 


+++++♦ 


++++++ 


+++* 





parts, and wa- 


31 


++++♦ 


++++++• 


++++* 





ter, 2 parts. 


32 


++++++♦ 


++++++* 


+♦ 





Controls 


33 


+++++ 


++++++ 


+++ 


+++++ 




34 


++ 




++++ 


+++++ 




35 


++ 


++++++ 


++++ 


++++ 




36 


++++++, 


1 1 i 1 1 i 1 1 1 


++++++ 


+++ 




1 1 1 1 1 1 t 1 1 



•All the pieces are contracting actively. 

even in very low dilutions the a-amino-acids are toxic. It is of interest 
in this series to note evidences of stimulation. This stimulation, as 
the table indicates, is not a stimulation of growth, but a stimulation of 
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the contraction of the heart muscle fragments. All the fragments con- 
tracted actively with the exception of the controls. This contraction 
continued to the complete exhaustion of the fragments. 

Discussion and Summary. 

Summing up these results, we found that all the 10 a-amino-acids 
used inhihited the growth of the cells and finally killed the cultures. 



Fig. 1. — The living cells which had grown from a fragment of the body wall of 
a 5 day old chick embryo in a medium consisting of 1 part of plasma and 1 part 
of isotonic salt solution, 0.9 per cent. 

This inhihition is preceded hy a short period of activity. The typical 
ctfect on the cells is shown in Figs. 1 and 2. The first (Fig. 1) is a 
control culture showing the usual growth ot cells and their typical 
spindle-shape form. The second (Fig. 2) is a culture in plasma plus 
asparagine, showing the cells rounded off and beginning to undergo 
dissolution. 
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We do not wish to draw too extensive conclusions from these experi- 
ments, but we believe that the toxicity of a-amino-acids towards grow- 
ing cells has been shown beyond a reasonable doubt ; on the other hand, 
we have found that compounds of higher molecular weight, namely, 
the peptones of egg-yolk and proteins, are non-toxic. This toxicity 
depends upon the concentration and the time tliat the cells are exposed 
to their action. As these factors are reduced, the toxicity is decreased. 
In this respect, these substances are similar to all cell poisons. 



Fig. 2. — The degenerated cells which had grown from a fragment of 
the body wall of the embryo used in the culture in Fig. 1 in a medium 
consisting of 1 part of plasma and 1 part of an isotonic solution of 
asparagine. 

Applying these results to the work done on the intravenous injection 
of digestion mixtures, we believe that we have found a reason for the 
death of the experimental animals when the hydrolyzed proteins were 
injected too rapidly. Buglia * found that large amounts of a-amino- 
acids could be injected into the circulation without causing deep-seated 

• Buglia. G., Z. Biol., 1912, XVIII. 162. 
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ehantros in the renal and intestinal functions, provided they were 
injected slowly enough; in fact, that enoii«rh of these mixtures could 
bt* injected in this way to cover the nitrotren consumption of the body. 
This injection, however, was always accompanied by an a-amino excre- 
tion through the urine and an increase of the peristalsis of the intestine, 
with resultant liquid st(H)ls. As is well known, a sudden great concen- 
tration of these substances in the blood of an animal causes death. 
These results agret* with our findings. 

Folin and Denis * demonstrated the fact that a-amino-acids probably 
])ass into the circulation through the intestines. Van Slyke and 
^Ieyer,t l)y means of Van Slyke's { nitrogen method, have practically 
proven this, and Abel, Kowntree, and Turner, JJ and Abderhaldeii || have 
lately succeeded in ol)taining a-amino-acids in crystalline fonn from 
the l)lood. Van Slyke and Meyer ^ have shown that the tissues take 
up a-amino-acids to a certain point, but that after this the limit of 
saturation is reached. This is not so in the liver, which continually 
desaturates itself by metabolizing the a-amino-acids that it has absorbed 
and consequently maintains indefinitely its power of removing them 
fr<mi the circulation, as long as they enter it no faster than the liver 
can metabolize them. Marshall and Rowntree ** have shown that there 
is an increase of the a-amino-acid concentration in the blood after 
injuries to the liver, which have caused deep-seated anatomical changes. 
Our experiments prove that tissue cells in general are unable to live in 
the presence of any great concentration of these acids. 

At the present time we do not feel able to give an explanation of the 
significance of this evident toxicity. However, the fact in itself seems 
to indicate that we should expect stimulation from a certain increase 
of tlie a-amino-acid concentration in the body, or the concentration 
of any one of the acids, whereas a greater increase would lead to marked 
disturbances of the metabolism. 

• FoUn, O., and Denis, W.. /. Biol. Chem.. 1912, XII. 141. 
t Van Slyke. D. D. and Meyer, G. M., /. Biol. Chem., 1912, XII, 399. 
t Van Slyke, D. D., /. Biol. Chem.. 1911, IX. 185; 1912, XII. 275. 
§ Abel, J. J., Rowntree, L. G.. and Turner, B. B., /. Pharm. and Exp. 
Therap., 1913-14, V, 275, Oil. 

II Abderhalden, Z. physiol. Chem., 1913, LXXXVIII, 478. 
1 Van Slyke and Meyer, J. Biol Chem.. 1913-14, XVI, 213. 
•♦ Marshall, E. K., and Rowntree, L. G., /. Exp. Med.. 1915, XXII, 333. 
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THE SIGNIFICANCE OF THE LUNULA OF THE NAIL. 

By MONTROSE T. BURROWS, M. D. 

(From the Department of Pathology, The Johns Hopkins University, 
Baltimore, Md.) 

A structure, the significance of which has always been described by 
a series of different answers in modern text-books of anatomy, is the 
lunula of the nail. This is a small, sharply circumscribed opaque area, 
which is visible near the root of the nail of many persons. Toldt 
assumed that the greater opacity of this region is due to the fact that 
the nail is covered here by a layer of matrix, the cells of which are 
undergoing active division. Unna expressed the opinion that the 
opacity is conditioned by the existence in this region of keratohyaline 
(onychogenic substance). Ranvier has given a similar explanation 
(quoted from Poirier and Charpy, Traite d'anat, hum., Paris, 1901). 
He ascribed it to the existence of onychogenic granules which fill the 
cells of the rete mucosum. V. Brunn, on the other hand, ascribed it to 
the fibrous structure of the cells undergoing keratinisation in this 
region of the nail. 

Although these particular explanations have for a long time appeared 
to be inadequate, it is of interest that no one, so far as the author has 
been able to determine, has attempted to study more carefully the 
peculiarities in the structure of this region. The fact that the lunula 
is marked off sharply from the remaining portion of the nail is a direct 
argimient against several of the above explanations. Again, the large 
number of nails which one sees removed in the dispensary do not show 
that portion of the nail corresponding to the lunula to be more opaque 
than the surrounding parts. 

During the last few months a careful study of the structure of the 
nail and its environment has been undertaken for the purpose of 
establishing, if possible, some of those conditions which regulate its 
continuous growth throughout the life of the individual. This study 
has been planned to include not only a careful investigation of the mor- 
phology, histology, and the development of the nail, but also a detailed 
study of its connective-tissue support and vascular supply, as far as 
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tlun- apply to the solution of tlie prol)lem in question. It represents a 
continuation of those studies of the mechanism of cellular growth 
which have l)een carried on for some time in the la])oratory l)y means 
of the tissue culture method. 

It was during the course of the early part of this study that the 
author noticed certain peculiarities in the structure of the nail in the 
region of the lunula which have appeared to he important in con- 
ditioning its opacity. Since the lunula itself has a certain clinical as 
well as a mor])hological importance, and since these particular pecu- 
liarities of structure have hitherto l)een little emphasized in anatomy, 
although prohahly very significant as a part of the general mechanism 
of the growth of this structure, it became of importance to report them 
in a separate communication. 

The nails of the hands of five persons have now heen studied. They 
have included those of two adult white men, an adult negro woman and 
two white children. Lunula* were noted at the base or uncovered por- 
tion of the body of the nails of all the fingers of the white men, and on 
the thumbs of the children. None was seen on any of the fingers of the 
negro woman before the epitrichium had been removed. When the 
epitrichial layer is lifted, however, the sharply defined oi)aque lunular 
zone is swn. It was j)resent in all the fingers of this woman. 

A number of these finsjers were dissected at once. Others were fixed 
in formalin, dehydrated and decalcified. The blood-vessels of a num- 
ber of the fingers were injected with India ink. These fingers were 
likewise fixed in formalin, dehydrated and decalcified. The fingers 
which had lK»en fixed were either embedded in colloidin, sectioned and 
stained, or they were sectioned free-hand, examined at once, and later 
after they had been cleared. All the unfixed fingers were hemisected 
along the median sagittal plane. This was accomplished by first cutting 
through the nail and the soft parts with a sharp knife, the bone being 
later cut through with a fine saw. 

In every one of these fingers examined it has been noticed that the 
matrix of the nail underlying the lunula is not firmly adherent to the 
connective-tissue stratum. Throughout the whole lunular area, the two 
layers do not a])parently adhere but lie only in contact with each other. 
The slightest distortion of a sagittal section of the finger leads to the 
separation of these two layers. The open si)ace thiLs formed is sharply 
circumscribed. It extends from the tip of the root of the nail, at which 
point the matrix is firmly adherent, to a line that corresponds to the 
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distal margin of the lunular zone. Beyond this line and over the whole 
body of the nail the matrix is firmly adherent to the underlying 
connective-tissue layer (Figs. 1 and 2). 

The connective tissue underneath the lunula is peculiar in structure. 
The fibrils near its outer edge run parallel to the lower margin of the 
nail matrix. They form a dense boundary layer or sheath. The con- 



FiG. 1.— A thick sagittal sec- Fig. 2.— A thick sagittal sec- 

tion of the finger of a white tion of a finger of a white man 

man. A piece of paper has which has been fixed, dehy- 

been passed through the open- drated and decalcified. The 

ing between the matrix and open space between the matrix 

the connective tissue. and the connective-tissue layer 

is readily discernible in the 
area corresponding to the 
lunula. 

nective tissue here is not vascular. The capillaries are reduced to a 
single or double layer, which lies dose to and on the surface of this 
layer of connective tissue. The underlying portions of the connective 
tissue contain few capillaries. 
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The matrix is also peculiar in this region. Its lower margin is in 
most parts straight. One sees very few indentations or papillary 
extensions into the underlying connective tissue. This is in sharp con- 
trast to the outer pink portion of the nail hody. Here the matrix is 
indented hoth longitudinally and traversely by connective-tissue papillae. 
The connective tissue in this region is also strikingly different from 
that of the lunula. It contains many vertically plac^ed fibrils, which 
end directly at the edge of the epithelial cells of the matrix. They 
adhere closely to these cells or a basement membrane. The papillae, 
as well as the neighboring portions of the connective tissue, contain 
large numbers of caj)illaries. They form a dense network which fill 
the papilla? and neighboring parts of the connective tissue. This dense 
capillary network is continuous with that of the lunular portion, the 
change from one form into the other taking place gradually under the 
distal margin of the lunula. 

A number of the nails of the fingers examined have been removed 
by stripping them back from their outer tip. By this procedure it is 
possible to remove the nail with the matrix of the lunula attached to it. 
Throughout the bcxly of the nail the matrix is invariably torn. In none 
of the nails thus removed has the lunular portion been found to be more 
opaque than the remaining portions. Quite the reverse, this area is 
frequently more translucent. In a number of the nails which had been 
previously fixed, dehydrated and decalcified, the tip of the root did 
show a definite opacity. In none of these cases, however, is this opacity 
seen as far forA^'ard as the distal margin of the lunular area. It fades 
and gradually disappears a short distance distal from the tip of the 
root. Furthermore, this opacity is not noticed in all the fixed speci- 
mens. 

From these latter observations it seems evident that the opacity of 
the lunula is not conditioned by any peculiarity of the structure of the 
nail itself or of its matrix. Moreover, that the decrease in the capillary 
bed of the lunular area is not wholly, if at all, responsible for the 
opacity may be deduced from the fact that its change in density at the 
distal margin of the lunula is never as abrupt as the boundary line of 
the lunula demands. Further proof that this peculiarity does not play 
any important role in conditioning the opacity is given by comparing 
the appearance of the lunular area with a portion of the body from 
which the blood has been removed by pressure. The lunula has a 
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definite opacity, whereas that portion of the body from which the blood 
has been removed has a greyish translucency. 

In the absence of other possibilities, the author has been led to 
believe, therefore, that the limular opacity is the result of a reflection 
of the light at the surfaces of the junction of the matrix and the con- 
nective tissue of this portion of the nail. In the outer portion of the 
nail where the matrix adheres closely to the underlying connective 
tissue, the light is transmitted directly to the capillary bed, giving it 
its characteristic pink color, whereas in the region of the lunula the 
well-formed, non-adherent surfaces of both the connective tissue and 
the matrix reflect the light. More direct proof for this assertion may 
be readily obtained by pulling a portion of the body of the living nail 
loose from the connective tissue, thus forming such a surface in this 
r^ion. During the last few weeks the author has been performing 
work which has led to the production of this injury. In each instance 
when it has occurred, the detached portion has shown an opacity quite 
indistinguishable from the opacity of the lunula of the same finger. 
It is of ioterest, however, that unless the injury is extensive, the nail 
will again, after a few hours^ become adherent and assume its former 
pink color. 

The decrease in the capillary bed of the lunular area has been 
described. No one, on the other hand, as far as the author has been 
able to determine, has described the peculiarity of adhesion between the 
matrix and the connective tissue in this region, or the relation of this 
peculiarity in structure to the lunular opacity. It will be of further 
interest to ascertain whether many of the pathological opacities of the 
nail are not the result of similar changes, to study more carefully the 
conditions which lead to the adhesion of the matrix, in outer portion 
as contrasted with that of the lunular zone, and the general changes 
in the connective tissue and in the arrangement and density of the 
capillaries in these two regions. The nail is one of those peculiar parts 
of the body which continues to grow throughout the whole life of the 
body. A more careful investigation of its general structure and the 
chemical and physical changes which accompany its growth may lead 
to many facts of importance for ultimately ascertaining the condi- 
tions that bring about and regulate the growth of other body structures. 



Digitized by 



Google 



Digitized by 



Google 



THE OXYGEN PBESSUEE NECESSABY FOB TISSUE 

ACTIVITY. 

By MONTROSE T. BURROWS, M. D. 

(From the Department of Pathology, The Johns Hopkins University, 
Baltimore, Md.) 

The ordinary plasma culture is sealed into a very small chamber of 
a hollow ground slide. The cultures are made by placing small frag- 
ments of tissue into layers of liquid coagulable plasma on the surface 
of a cover-glass. The cover is placed over the hollow ground slide so 
that the tissue and the plasma hang in the hollow chamber. It is 
sealed to the slide with vaseline and paraflBn.* From the air chamber 
the cells obtain the oxygen necessary for their activities, and it has been 
of interest that in such a small chamber the cells may continue to grow 
actively for several days. This observation had already led to the 
belief that these cells may grow in very low concentrations of oxygen. 
This belief was further substantiated by the fact that the renewal of 
the air had little or no noticeable eflfect on the growth or activity of 
the cell. 

That the oxygen essential for activity in the culture is derived from 
the air chamber was determined by placing two small glass tubes 
under the cover and replacing the air in the chamber by hydrogen and 
sealing. No growth took place in these cultures. 

A considerable amount of work has recently been done to determine 
at ordinary atmospheric pressure the per cent of oxygen necessary 
to maintain a flame as well as to maintain the life of organisms. 
Clowes' and Loevenhart' noted that alcohol ceases to bum in an 
atmosphere containing 15 per cent of oxygen. The latter author noted 
that ether and Madison (Wisconsin) illuminating gas ceases to burn 
at 13 per cent, while hydrogen continues to bum until the atmosphere 
contains 6.6 per cent of oxygen. 

With the animal, conditions are different. Loevenhart found rabbits 
would live in an atmosphere containing 3.6 per cent of oxygen, but that 
they died when this was reduced to 3 per cent. 

In the present series of experiments, an attempt has been made to 
determine the effect of pure oxygen and various partial pressures of 
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oxygen on the growth of the cells in vitro. Although at the present 
time the apparatus is still not perfect, and a few of the results given 
here have a slight error, it seems that in their present form they war- 
rant publication., 

Matsbials and Methods. 

The gas and mixture of gases tested have been kept at atmospheric 
pressure. The partial pressure of oxygen has been lowered by diluting 
it with nitrogen. The culture chambers used have a large air space 
40 to 60 times that of the ordinary culture. 

To make these determinations, it was necessary to prepare pure 
oxygen and nitrogen and to devise a culture from which gases could 
not diffuse. The cultures, therefore, were made in sealed glass 
chambers. 

The Culture Chamber. — ^The culture chamber, as shown in Fig. 3, a, 
is blown from soft glass tubing i inch in diameter. In place of the 
cover-glass used in the ordinary cultures, one small part of one side 
of the tube is blown out, made very thin and flattened. Opposite this 
place the tube is again blown out and flattened. This latter flat surface 
forms a base for the culture and allows free transmission of light, 
which is essential for examining the cultures under the microscope. 
On each side of the central portion the tube is constricted so that it can 
be easily sealed with a small flame. Beyond this point, it is left full 
size, but corrugated to allow a rubber tube to be tightly fitted. These 
culture chambers are easy of construction, and they are made in the 
laboratory as they are needed. 

The culture chambers thus prepared are boiled in soap and water, 
bft to soak several hours in H2SO4, and then rinsed in tap-water and 
vlistilled water. They are steamed for several minutes to remove 
ftoluble substances in the glass and are then sterilized by dry heat. 

Oxygen. — The oxygen is prepared by dissociating a 1 per cent 
aqueous solution of H2SO4 with an electric current. This method of 
preparing oxygen is well known. The particular apparatus used works 
automatically and is shown in Fig. 1. The current used is D. C. 
110 volts, which has been passed through a resistance of from 1 to 4 
16-candle power carbon lights. The apparatus is made automatic by 
interrupting one of the wires with a platinum-pointed switch operated 
by a float. 

Oxygen prepared in this manner is something over 99 per cent pure, 
[t contains, however, a small amount of ozone, hydrogen and water 
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vapor. Since the ozone attacks organic matter and may become 
injnrionBy especially if rubber tubing is used at any point, the gas, 
before being used, is bubbled through olive oil. To remove any traces 



Fig. 1. — ^An automatic ozygai-hjdrogen generator. 

of acidy it is further passed through a tube containing soda lime and 
bubbled through a strong aqueous solution of EOH (40 per cent). No 
rubber connections are used in any part of the apparatus. The appa- 
ratus is continuous except for one joint which is ground glass. 
27 
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Nitrogen. — The nitrogen is commercial. It contains about 2 per cent 
of oxygen, which is removed by bubbling the gas through several long 
cylinders containing pyrogallol and potassium hydrate. These are 
mixed according to the proportions given by Hempel (page 149).* 
Potassium hydrate, 120 gm., is dissolved in 80 c. c. of water. To 
this is added 6 gm. of pyrogallol dissolved in 15 c. c. of water. Hempel 
states that no CO is formed when a solution of these proportions is^ 
used. To insure against this possibility, the gas is bubbled through two 
cylinders containing Sandmeyer^s solution (Hempel, page 203).* It 
is then passed through a tube containing soda lime and bubbled through 
a strong solution of KOH, 40 per cent. 

Preparation of Cultures and Tissues. — For these experiments frag- 
ments of heart muscle and skin of chick embryos, from 5 to 16 days 
of age, have been used. The medium is plasma prepared from the blood 
of adult chickens. When thin layers of plasma are placed in these large 




Fio. 3. — flk The complete culture chamber. 
h. The sealed culture chamber. 

culture chambers, some slight evaporation may take place. To prevent 
this from causing an injurious hypertonicity, the plasma before being 
used is diluted .1 with sterile distilled water. Fragments of both 
heart muscle and skin are planted in each culture. 

It is impossible to prepare these cultures in the ordinary manner. 
The method used has been to mix together quickly outside four or five 
pieces of tissue with a drop of liquid plasma. The plasma and tissue, 
then, before the plasma clots, are sucked into the end of a long, slender 
pipette, which may be passed into the culture chamber and the drop 
of plasma containing the tissue fragments deposited on the thin, flat 
surface which has been prepared for it (Fig. 3, a) . The culture chamber 
is then gently shaken so that the drop of plasma spreads in a layer no 
greater than \ mm. in thickness, and the tissue fragments become 
scattered in this layer over the surface of the glass. The fragments of 
tissue are 1 mm. or less in diameter. 
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As soon as the plasma has clotted^ the chambers are tamed over so 
that the culture hangs into it. The side walls of the culture chamber 
are moistened with sterile water, so as to further prevent as far as 
possible any evaporation of the culture medium. In each experiment, 
one, two or three cultures are used. Besides these in most instances, 
three control cultures are also prepared. The air in one of the controls 
is replaced by nitrogen gas. In the other it is replaced with pure 
oxygen, the third is sealed at once and acts as an air control. This last 
culture, which contains air, controls the tissue and plasma as well as 
the activily observed in the cultures where pure oxygen gas is being 
tested, but it does not control any possible toxic substances in the 
nitrogen. An attempt to partially control this was made by substituting 
air for oxygen in several experiments. It was possible by this means to 
use for the very low dilutions of oxygen a quantity of nitrogen, which 
had been proven not to be toxic in those cultures where a higher partial 
pressure of oxygen had been tested and an active growth of cells had 
been observed. The cultures prepared have shown no evidence of toxic 
substances in the nitrogen gas. 

Since it is essential for all these determinations that the gases 
used be saturated with water vapor at the temperature at which the 
cells are grown, the measuring of gases and the filling of the culture 
chambers with the gas to be tested is made always in the incubator. 
The arrangement of the apparatus within the incubator is illustrated 
in Fig. 2. The oxygen and nitrogen are passed through slender glass 
tubes A and B, respectively, across to the middle of the incubator where 
each is bubbled through cylinders containing distilled water, o-A and 
o-B, respectively. From the water cylinders the gas passes into 
T-Tubes, one arm of each of which is open and fitted with a stopcock. 
To this open arm the cultures in which the pure gases are to be tested 
are attached. The other arm passes to the measuring cylinder. The 
measuring cylinder is arranged so that not only these but other gases 
may be tested. The gases are measured over mercury. In order to keep 
them saturated, a thin layer of freshly boiled distilled water is run over 
the mercury surface before they are admitted. The measurements are 
made at the temperature of the incubator. The measuring cylinder 
is fitted at the top with a 3-way cock. One arm of the cock is open, and 
to this the culture chamber (6) is attached by means of a rubber tube. 

The air in the culture chambers is replaced by pure gases or a 
mixture of gases in the measuring cylinder by allowing these gases to 
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pass rapidly through the culture chambers at regular intervials during 
a period of one or two hours. The free open end of the culture chamber 
is fitted with a rubber tube and a piece of glass tubing. The free end of 
the latter is passed just underneath the surface of water contained in a 
small dish. After the air in the chamber has become entirely replaced 
by the gas to be tested, and the medium of the culture may be assumed 
to have become saturated with this gas at atmospheric pressure, the 
culture chambers are sealed by fusing the small constricted portions of 
the tube, Fig. 3, b. The cultures are left in the incubator and examined 
periodically imder the microscope, which is in a warm box. The 
maximal growth attained is recorded. 

The measuring cylinder used in these experiments is a large one, and 
the general method of measuring the gases is not very accurate. For 
this reason the measurements were in several instances checked by 
removing a sample of the gas and determining its oxygen content by 
the Haldan method. The pure oxygen and nitrogen gases were also 
tested by the same method (see table).' 

TABLE I. 



Date. 


Partial Prei- 
8ure of 0. and N. 


Corrected 

%0f0.b7 

Haldan 

method. 


No. of 
exper- 
iments. 


At. growth 
of exper- 
iments. 


Av. growth 

of control 

(air). 


Barom- 
eter. 


Partial 
pres. of 


No. of 
c.cofO. 


No. of 
c.cofN. 


O.at 
89-0. 


Various timee.. 
Various times.. 


100 
80 
60 
40 
20 
15 
12 
10 

9 

8 

7 

6 

6 

6 

6+ 

6+ 

5 

5 

4 





20 
40 
60 
80 
85 
88 
90 
91 
92 
93 
94 
94 
94 
94— 
94+ 
95 
95 
96 
100 


100.0* 


50 
8 
6 

15 

3 

4 
50- 


++++ 

++++ 

+++ 

++++ 

++++ 

++++ 

++++ 

++++ 

+++ 

++++ 

++ 

+ 

+ 



% 







H-H-++ 
H-H-H-+ 

+H- 
+++ 
H-+H- 

+++ 
+++ 


764.1* 


712.1* 


Various times.. 








Various times.. 








Various times.. 








Various times.. 






Various times.. 








Various times.. 








June 2. 1916 .. . 








Various times.. 








Various times.. 









June 21, 1916 . . 









June 28, 1916 . . 








Dec. 11, 1916... 








Dec. 12, 1916... 
Dec. 19, 1916... 
Dec. 14, 1916... 
Various times.. 


6.6 

5.63 

5.0 


745. 
760. 
764.1 


45.6 

40.66 

35.6 


Various times.. 








Various times^. 


0.40* 













* These flffuret represent but one determination made in the series, but since the 
other experimental conditions were constant they are representative of the series. 
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It is also evident that in all these cultures another slight error must 
have resulted from sealing the tube and temporarily heating the air in 
the tube. This would make the actual pressure somewhat less than 
that recorded. 

Discussion and Conclusions. 

Besults from the experiments are given in the accompanying table. 
Tissues of chick embryos grow somewhat better in the spring and 
summer than in the winter. In the first column, the dates of the 
experiments are recorded. The growth is recorded in terms of the area 
of new cells which form about the fragment. Since there is no abso- 
lutely accurate method of measuring this it is indicated by the relative 
term, + . In many cultures the cells grow in a single plane ; in others 
they grow in several planes, and the density of the growth is not the 
same in one culture as in another. 

As indicated by the corrected readings of the per cent of oxygen in 
the gaseous mixtures (colunm 4 of the table), many of the readings in 
column 3 are probably slightly higher than the table indicates. 

Including these possibilities of inaccuracy in the measurements, it 
is quite evident, however, that certain definite conclusions may be 
drawn. 

1. Cells may grow in an atmosphere of pure oxygen.* 

2. The growth in an atmosphere of pure oxygen, although often 
slightly more rapid, is not greater than the growth in a partial pressure 
of oxygen no more than 9 or 10 per cent. 

3. Although the growth becomes less when the partial pressure of 
oxygen is lower than 9 or 10 per cent, very evident growth activity is 
seen in an atmosphere where the partial pressure of the oxygen is as low 
as 45.6 nmi. 

4. A method has been devised which in its full analysis will allow 
one to study in more detail many of those conditions which regulate 
oxidation in tissue cells and to study conditions which regulate oxygen 
pressure in the tissues. 

These results have become of interest in that they show that the 
activity of the cells within the cultures is little influenced by changes 
in the oxygen concentration or partial pressure when it remains above 
a certain amount. 

Again, they are interesting in that the lowest partial pressure of 
oxygen in which growth takes place is about the same as the venous 
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oxygen pressure of mammals. The author does not know the venous 
oxygen tension of chickens. In the light of these facts an attempt is 
now being made to determine the venous oxygen tension of chickens, 
to study the effect of the addition of various substances to the plasma, 
and to measure with greater accuracy the lowest partial pressure of 
oxygen in which the cells may not only grow, but show other forms 
of activity. 
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6. During the period of the development of the method, the cells were 
found not to grow in pure oxygen. The gas attacked the 
rubber tubing used in connecting the cultures. The medium 
in the culture became orange-red in color. This gas gave a 
definite test for ozone. It was not until the gas had been 
passed through olive oil that the results reported in the paper 
were obtained. Whether the ozone attacks the culture 
medium, liberating toxic substances, or whether it attacks the 
cells, was not determined. From the disintegrating rubber 
tubing SO, was liberated. The failure of growth may have 
been due to the presence of SO,. 
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THE FUNCTIONAL RELATION OF INTERCELLULAB SUB- 
STANCES IN THE BODY TO CERTAIN STRUCTURES 
IN THE EGG CELL AND UNICELLULAR 
ORGANISMS.* 
By MONTROSE T. BURROWS, M.D. 

(From the Department of Pathology, The Johns Hopkins University, 
Baltimore, Md.) 

It has been shown that whether an embryonic heart muscle cell in 
a tissue culture grows and divides, grows to form a syncytixun, dif- 
ferentiates, contracts rhythmically, or remains inactive, depends 
upon the particular kind of environment into which it is placed. Many 
of the peculiarities of the environment essential to each form of activity 
have been described, and evidence has been presented to show that these 
various activities are not the result of an organization contained within 
the cell, but that they are the result of diflEerential changes of the sur- 
face tension of these cells. Each form of work and the structure 
peculiar to each form of work is the result of a specific kind of change. 
The changes in the surface tension are brought about and maintained 
by an organization in the environment, external to the cell, but influ- 
enced by the cell, as any phase of any physical chemical system of this 
kind is influenced by otiier phases. 

These experiments indicate that the cells of the body differ from egg 
cells and many unicellular organisms, in that they do not possess the 
total organization necessary for their activity, but depend in part upon 
structures external to them. In the light of this fact it became of 
interest to compare the structure of the egg with the structure of the 
organization peculiar for the growth and the mitotic division of the 
body cells. It seemed evident that by this method one could determine 
definitely the true significance of many of the structures peculiar to 
the egg. What could be applied for the study of the egg cell could be 
applied also for the study of many unicellular organisms. 

In the tissue culture the nutrient materials necessary for growth of 
the cells come from the tissue fragment. The cells that grow and 

* Read before the Association of American Anatomists, at New Haven, 
Conn., Dec 28, 1916. 
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divide are those cells which are passively moved outward into the 
medium and come in contact with the surface of the substance which 
covers the medium and against which they flatten out. Growth, as 
seen in the culture, has been considered a specific differential surface 
tension reaction between the cell and specific substances liberated by 
the cells of the fragment 

The cells of the body one may readily consider as comparable to the 
protoplasmic portions of the egg. These facts lead to the question 
whether the important factor in the organization for grovrth and 
division in the egg is not to be found in the particular relation of the 
protoplasm to the yolk. In a large number of the eggs the protoplasmic 
portion lies at the surface of the yolk, and in no variety of eggs does 
one find the. protoplasmic part directly in the center of the cell. This 
analogy between the organization suitable for growth in the cultures, 
growth of simple protoplasmic elements, and the general organization 
of egg becomes, therefore, of interest. 
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STUDIES ON THE GROWTH OF CJILLS. 

THE CULTIVATION OF BLADDER AND PROSTATIC TUMORS 
OUTSIDE THE BODY. 

By MONTROSE T. BURROWS, M. D., J. EDWARD BURNS, M. D., and 
YOSHIO SUZUKI, M. D. 

(From the Department of Pathology and the James Buchanan Brady 

Urological Institute, Department of Urology, The Johns 

Hopkins University, Baltimore, Md.) 

Although numerous workers have attempted to grow human tumors 
from different parts of the body, the cultivation of bladder and pros- 
tatic tumors has not been undertaken up to the present time. Cellular 
activity has been observed in only a limited number of the cultures 
of human tumors which have been tested, and those which have been 
observed to grow have shown few peculiarities which have aided in a 
better understanding of the conditions which initiate or regulate the 
growth of these cells. 

During the last few months we have studied cultures from 12 tumors 
of the bladder and the prostate. The method, in brief, has consisted 
in placing small fragments of the tumor tissue (1 mm. in diameter) 
in a layer of medium (0.5 mm. in thickness) on the surface of a cover- 
glass, and inverting over this a hollow ground slide, sealing it in place 
with vaseline and paraffin. The culture thus prepared was incubated 
at3r C. 

The media used have been plasma prepared from the blood of the 
patient from whom the tumor was removed, plasma from the blood of 
normal individuals, and a medium consisting of agar, .25 per cent, 
dissolved in isotonic sodium chloride, or isotonic sodium chloride and 
ascitic fluid. No difference was noted in the cellular activity in the 
cultures whether the plasma used as the medium was obtained from 
the first or the second source and the activity was as great in the agar 
as in the plasma. 

Of the 12 tumors used for these cultures, seven were clinically 
malignant bladder papillomata; one, a benign bladder tumor; two, 
benign hypertrophy of the prostate ; and two prostatic tumors, each of 
which showed in one portion typically benign hypertrophy, the other 
parts being carcinomatous. Besides these, one series of cultures of 
normal bladder epithelium was also tested. Of the seven malignant 
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tuniors cultivated, one only failed to show cellular activity in the first 
20 hours. This tumor had been removed after the application of a 
strong solution of cocaine. The cultures of the benign tumor, on the 
other hand, have shown no cellular activity either in the first or 
second transplants. The general structure of this tumor is illustrated 
in Fig. 1. It is a benign polyp. 



Fig. 1. — A section of the benign polyp, fragments of which 
were used for cultures. 

All the cultures of the bladder tumors were infected with bacteria. 
However, before the time that the bacteria became very numerous, the 
tumor cells showed activity except in the instance noted above. The 
type of this activity is shown in the case of Tumor All (Fig. 2) in 
Figs. 3 and 4. 
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A number of the fragments from these cultures were transplanted 
at the end of 20 hours from the first medium into a fresh drop of the 
same medium. The plasma clots were liquefied in the original cultures 
and the transplants very soon after they were incubated. The lique- 
faction was slightly more rapid in the original cultures than in the 



Fio. 2. — A section of the malignant bladder papilloma, frag- 
ments of which were used for cultures (Figs. 3 and 4). 

transplants. It is impossible to say to what extent the bat»teria aided 
this liquefaction. 

This liquefaction was also noted by Carrel and Burrows * in cultures 
of human tumors and human tissues. The cells failed to show activity 
in a large number of instances. It was thought that this failure was the 
result of the liquefaction of the clot or the destruction of the solid 
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medium necessary for the activity of the cells. They noted a moderate 
cellular activity, however, in a few of the cultures of giant-cell sarcoma 
of bone. The media had also undergone liquefaction about the frag- 
ments of this tumor. This in itself would make it seem that lique- 
faction of the plasma need not inhibit the activity of the cells. 



Fig. 3. — A tip of a papilla of a malignant bladder papilloma 
(Fig. 2) after 20 hours' incubation in a culture medium of blood 
plasma. The pedicle of the papilla is shown at the left side of 
the figure. The epithelial membrane surrounds the papilla, ex- 
cept at this point. 

One of us (Burrows) during the last few years had again studied a 
number of human tumors as well as a number of normal human tissues 
at the General Memorial Hospital, New York City.' The tumors 
studied included a numl)er of lymphomata, breast carcinomata. bone 
sarcomata, malignant tumors of the ovary, melanomata and a glioma. 
The normal tissues studied were fragments of connective tissue and 



Digitized by 



Google 



studies on the Growth of Cells, 379 



Fio. 4. — A high-power picture of a small area of the periphery of the zone 
of cellular activity shown in Fig. 3. 
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arteries removed from normal men at operations for the repair of 
hernia. The plasma was liquefied about all the fragments of normal 
tissue which were studied, and a number of the fragments of the 
tumors. There were, however, certain tumor fragments which did not 
show this change. These were found among the lymphomata and the 
bone sarcomata. One ovarian carcinoma showed this change to a very 
limited extent. A further study of the normal tissue fragments has 
shown, however, that if the fragments were removed from the first 
medium at the end of the 20 or 24 hours (incubation at 37° C.) to a 
second drop of plasma, they no longer possessed this property of lique- 
fying it, but a characteristic and often an active gro\ii:h of connective 
tissue was noted about them. If they were removed at an earlier time, 
the plasma was again liquefied ; when removed at a later date, no 
cellular activity was observed. 

The growth of the cells and the changes in the medium were similar 
to those noted in the cultures of connective tissue of lower animals. 
The plasma-clots undergo contraction with the formation of sheets of 
fibrin, open fibrin networks or long, coarse fibrin fibrillae, which 
radiate out from the fragments into the surrounding medium. The 
cells migrate out and grow along these fibrin formations. By the use 
of this method of replantation it was found possible to cultivate the 
cells of ovarian adenomata, several sarcomata, a glioma, and two 
melanomata. Whether the tumor cells themselves grew from the frag- 
ments of the melanomata could not be determined. The cellular 
activity observed may have been stroma-cell activity. Both the stroma 
cells and the tumor cells grew from the fragments of the other tumors. 
All the epithelial tumors failed, however, to respond by this method. 
The plasma was liquefied after each transplant until the cells were 
exhausted and dead. 

This property of liquefying the plasma as shown by the epithelial 
tumors is not, however, peculiar to them. It is a peculiarity of many 
epithelial tissues. A piece of frog's skin liquefies the plasma for as 
many as eight transplants, or until the cells are dead. A large number 
of the ectodermal and endodermal tissues of animals have shown 
similar properties. The liver cells of a few chick embryos have, how- 
ever, shown an exception to this rule. The plasma was not liquefied in 
the second transplant and the cells grew actively. Whether certain 
of the other glandular tissues might not show the same peculiarities 
has not as vet been determined. 
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Maccabmni ' studied fragments of uterine careinomata and noted 
that the cells grew in a few of the cultures when the plasma prepared 
from the blood of a pregnant woman had been used as a medium. His 
success he assumes to be due to the particular selection of plasma. 
Other obsen^ers^ working with Carrel have noted in later studies 
cellular activity in a number of cultures of human tissues and tumors. 
In these instances the plasma had not undergone a rapid liquefaction. 
They note differences in different plasmata, and that the addition of 
Ringer^s solution may prevent liquefaction. Burrows planted frag- 
ments of each of a number of the tumors which he had studied in as 
many as seven different plasmata. These included plasmata prepared 
from the blood of normal men, normal women, women in the early and 
late months of pregnancy, and individuals suffering from chronic 
syphilis and tuberculosis. There was no definite and sharp relation 
noted between the growth or liquefaction and the plasmata used. 
In a few instances a plasma was used which killed the cells. This was 
noted in cultures when the plasmata had been prepared from the blood 
of patients ill with pneumonia. Although the number of these experi- 
ments was small they showed definitely that a large number of 
variations in the activity of human tumor and normal tissue in the 
plasma cultures are to be ascribed rather to variations in the tissue 
fragments than to variations in the plasma used. 

Other general observations made on the growth of normal tissues 
would also tend to establish this view.* The energy-producing sub- 
stances for the growth of these tissues has not been shown to come from 
the medium. The tissue culture in this regard is not comparable to an 
ordinary culture of bacteria. These substances, on the other hand, are 
probably derived from the tissue fragment and from the breaking-down 
of cells contained within it. The growth observed may be readily 
defined, therefore, as a simple transfer of materials from the cells within 
the fragment or in a less favorable environment to those on the periph- 
ery. Proof of this belief has been found in many observations. In 
plasma culture, growth and other forms of activity cease and the cells 
are exhausted after a few transplants. The sum total of the growth in 
the various transplants is less than the original mass, and it might well 
be considered as the original mass minus the energy of transfer. Again, 
cells may grow actively from fragments of tissue placed in a medium of 
simple isotonic sodium chloride, or in Ringer's solution, which con- 
tains no energy-producing substances. 
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In a tissue culture an isolated cell will not grow. Isolated epithelial 
cells, lymphocytic and leucocytic cells show very little or no activity. 
Connective-tissue cells show movement. When isolated in a drop of 
liquid plasma they round off. After the clotting of the plasma and a 
variable latent period they are seen to send out processes, assume 
stellate or spindle shapes. They may migrate two or three cell-lengths. 
At this time they show vacuolation and exhaustion. 

The growth of cells is seen only about fragments of tissues. When 
other conditions are equal, this growth is proportional to the size of the 
fragments. It is seen to take place actively only when the fragments 
are compact and about 0.3 or 0.4 mm. in diameter. This particular 
relation holds only up to fragments of 1 mm. in diameter. From frag- 
ments of this size the growth is maximal, excepting in cases where thin 
slabs are used. 

The growth of connective-tissue cells is again influenced in the 
culture by the presence of muscle or epithelial cells within the frag- 
ment. If an active liquefaction of the clot does not proceed and pre- 
vent in a great measure the growth of the cells, the growth of the con- 
nective tissue is most extensive about fragments containing these cells. 
These more highly differentiated cells break down apparently at the 
expense of the connective-tissue cells. 

A careful study of these cultures in serial sections, after a growth of 
cells has taken place, has shown the whole mass of cells in the center 
of the fragment to have deteriorated. In many instances they have 
become reduced to mere shadows. 

Other studies have shown that the actively growing embryonal tissues 
grow readily in liquid media. This growth takes place, however, only 
when the fragments are brought into intimate contact with the surface 
of the medium and only when the culture medium is not agitated. 
Growth is most active when cellular and fragile fragments are placed 
in a small drop of medium spread in a very thin layer over the surface 
of a cover-glass. About each fragment, according to its content, is 
seen either a growth of mesenchyme cells or the formation of mem- 
branes or sheets of epithelial cells. These cells do not move out directly 
into the medium, but along or near the cover-glass or lower free surface 
of the medium. Previous to this growth, however, the lower surface of 
the medium in many of these cultures is seen to change. The surface 
becomes fixed, and currents cannot be set up easily. 
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It is interesting that the cells do not grow directly in contact with 
the cover-glass, or directly in contact with the lower surface of the 
medium, but always in a plane just beneath these surfaces. If the same 
cells are broken loose from this apparent plane of contact and immersed 
in the liquid, they round off and show no further activity. If pushed 
back into this plane, they again flatten out in a passive fashion and 
may show active growth. 

These observations show that growth takes place only along one 
plane in the culture. The passive flattening of the cells suggests that 
a surface exists here and that this surface must have been formed from 
the flowing out of substances from the fragment. 

Although these facts had clearly shown that a change had taken 
place at the surface of the medium, and indicated that the food mate- 
rials probably diffused along this surface, in only a very few cultures 
studied could one see that a definite layer of substance existed here. 
The refraction of the substance was quite similar to that of the under- 
lying medium. 

In the light of these observations a study of the bladder tumors 
became of interest. In all the cultures of the bladder tumors, malig- 
nant and benign, as well as the cultures of normal bladder epithelium, 
the plasma-clots underwent liquefaction. The failure of the growth 
of cells from the fragments of the benign polyp and normal bladder 
epithelium is not necessarily unique. Although actively growing 
embryonal tissues are seen to grow in liquid media, little or no cellular 
activity has ever been seen about fragments of normal adult tissues of 
either man or animals in these media. On the other hand, many of 
these tissues grow readily in plasma-clot. 

The growth of the malignant bladder tumor cells in these cultures 
was preceded always by the formation of a definite membrane over the 
surface of the liquefied medium. In these cultures this membrane was 
homogeneous but quite easily seen. It contained a considerable num- 
ber of granules ; it was very tough. The surface that it covered could 
not be disturbed easily by shaking. It frequently formed over the lower 
surface of the medium as well as near the cover-glass. In many of 
these cultures the layer of medium was thick. It was along the surface 
of this membrane that the cells apparently moved outward from the 
fragment. In these cultures, as in the cultures of embryo chick tissue, 
with a few exceptions the line of demarcation between this surface 
zone and the underlying medium was not made out. Small fragments 
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of tumor cells floating in the medium, coming in contact with it, 
flatten out. 

As to the mechanism of the formation of these membranes, no direct 
observations have been made. They form generally very early in the 
life of the culture, often apparently during the liquefaction of the 
medium. 



Fig. 5. — A section of the malignant portion of the prostatic 
tumor, fragments of which were used for cultivation. 



In many of the cultures of bladder tumors the sheets of cells seen 
about the fragments form by a simple migration of cells from the 
fragment. In other cultures the area covered by cells is very large; 
too large to be accounted for by migration alone. Growth here must 
have taken place, although mitosis was not observed. 
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Besides these cultures of fragments of bladder tumors, fragments 
were also taken from two hypertrophied prostates which contained 
carcinomatous areas. Membranes formed and the cells showed move- 
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tumor (Fig. 5). 

ment (Fig. 6) and slight evidences of growth about fragments taken 
from the carcinomatous portion of one of the prostatic tumors 
(Fig. 5). No change other than liquefaction was noted about the 
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frapnentH taken from the benign portions. Cultures of fragments of 
other hypertrophied prostates have given the same negative results. 

It was interesting in the case of the other hypertrophied prostate 
having carcinomatous areas, that no activity was ol>ser\'ed about 
either the fragments taken from the carcinomatous or benign portions. 
This prostate had been treated with radium for four months previous 
to its removal. 

Summary. 

These observations have shown facts which may prove important for 
a l>etter understanding of the conditions essential for the growth of 
body cells and the general structure of these cells. In none of the 
cultures of the l>enign tumors was any cellular activity noted ; on the 
other hand, all of the cultures of the malignant tumors showed marked 
cellular activity excepting in the two instances above mentioned. 
This activity was observed in a large percentage of a series of cultures 
from each malignant tumor, and occurred in some of them as early 
as five hours and in all within 20 hours after their preparation. The 
facts indicate that this method may be important in determining the 
malignancy, in following the course of treatment, and in studying the 
biological properties of these tumors. 
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THE STUDY OP A SMALL OUTBREAK OF POLIOMYELITIS 

IN AN APARTMENT HOUSE, OCCURRING IN THE 

COURSE OF AN EPIDEMIC IN A LARGE CITY. 

By MONTROSE T. BURROWS, M. D., and EDWARDS A. PARK, M. D. 

(From the Departments of Pathology and Pediatrics, The Johns Hopkins 
University, Baltimore, Md.) 

The paper which follows is the study of a small outbreak of polio- 
myelitis occurring between September 15 and October 1, 1916, in a 
large apartment house, occupied by 30 families, situated in the out- 
skirts of a large city. Wickman* pointed out that the outbreaks of 
poliomyelitis in the small Swedish villages were the most fruitful 
sources of knowledge concerning the mode of transmission of the 
disease. The outbreak of poliomyelitis in the X House seemed to offer 
in a similar way an exceptional opportunity for study, for the children 
in it formed a small community of their own, fairly well isolated from 
the rest of the city. 

The outbreak of poliomyelitis at the X House is, however, interest- 
ing apart from the standpoint of its epidemiology; for of the 8^ 
very possibly 10, children affected, all but two escaped paralysis; 
several furnished unusually good indications of the incubation period; 
two were remarkably fine examples of the " abortive,** and one of the 
"masked** form of the disease; moreover, three had negative spinal 
fluid findings and finally all five children in one family were affected. 

The five children in this family, the B ' family, were under our care; 
the three children of the A and C families were not seen by us during 
their acute illnesses, but the physicians who attended them very kindly 
reviewed their illnesses with us, and the parents, particularly of the 
A family, were extraordinarily cooperative in supplying information. 
Our knowledge concerning the illnesses of two children who were taken 
sick coincidently with the other children, one in the D, the other in the 
P family, was of necessity derived from indirect sources, the reason 
for which will be explained later, and was too meager to permit the 
positive conclusion that the cases were instances of poliomyelitis^ 
though we felt very strongly that one of them at least was that disease. 

At the time of the outbreak of poliomyelitis at the X House, the 
epidemic in the city, which had begun on July 6 and ended on Decem- 
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ber 1, was at its height Previous to the development of the first ease in 
the X House, 85 cases of poliomyelitis had been reported, and following 
it there were 120 additional eases, making a total of 205 (almost all of 
these were of the paraljrtic type) in a population of about 600,000. The 
mortality (from the reported eases of the disease) was in the neighbor- 
hood of 88 per cent (see map). 

The X House is a large, modem, five-story apartment house, con- 
taining 30 suites, situated in the northern part of the city, about three 
miles from its center, and bordering on one of the most fashionable 
residential suburbs. Though it fronts on a broad avenue, it occupies 
a fairly isolated position, for across the avenue, as well as on the other 
three sides for some little distance, there are open fields. The house is 
provided with all modem conveniences. The sewage system connects 
with that of the city. The water is also derived from the city supply, 
although the drinking water used by the majority of the families in the 
house was obtained from a spring in the immediate neighborhood. 
There is no public dining-room. The families living in the house 
obtained their groceries and meats chiefly from a store in the neighbor- 
hood, though to a considerable extent also from the stores and markets 
in the central parts of the city; their milk came from the various 
dairies of the city and their ice from a common source. 

The 30 families which occupied the house consisted at the time of 
the outbreak of about 70 adults and 18 children, the latter varying in 
age from infancy to 13 years. So far as the children were concerned, 
it may be said that they formed a society of their own, playing with 
each other in and about the house, not often going elsewhere or receiv- 
ing visitors from without. But it was evident that the little conununity 
of children was isolated only in a comparative sense, for plenty of lines 
of conmiunication with the outside world remained open, along which 
the infection might have found its way to them. 

Although all the children in the X House inevitably came into con- 
tact with each other, since they lived in the same building and shared 
a common playground, yet on account of differences or similarities in 
age and taste, and for various other reasons, some had little or nothing 
to do with the rest, while others moved in small groups or cliques. 
Maude S, Nancy H, Jenny J, Fritzie H and J. N. (a boy who used 
to come to play from the city) were older and had little to do vnth the 
others. William S, who seems to have been persona non grata, usually 
remained alone with his nurse, and Dick E was purposely kept 
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from the others by his parents. Baby B and Baby A were infants in 
anns. The remaining 11 children were also more or less subdivided 
into twos and threes. Jack C and Elizabeth D were inseparable; 
Pritzie H and Charlie B were almost constantly together. The four 
older B children and the two C children, on the other hand, played 
little with each other, and did not go to each other^s apartments, and 
Ned F did not have much to do with the B^s but sometimes played with 
the C's. But all of these 11 children had this in common, that they 
were on especially friendly terms with the A children and frequently 
visited the A^s apartment. In this sense it is possible to divide the 
children in the X House into two groups, the one group visiting the 
A^s apartment and centering about the A% the other group not having 
these relations. 

The A's apartment, situated on the ground-floor of the X House, 
was readily accessible from the lawn. Mrs. A was exceptionally kind 
to the children and gave them butter-bread or wafers when they came 
even to the door, and her own children were especially popular, with the 
result that the A's apartment and back porch became a favorite rendez- 
vous. Ned F, the great friend of Harry A, used to " spend his entire 
time there,** the B children, except the baby, were very frequent visitors 
en masse, and often the two C children and Nancy H used to come. The 
A children had many toys — dolls, stuflfed monkeys, Teddy bears, balls, 
tin horns, scissors for cutting paper dolls, etc. — ^and let all the visiting 
children use them, so that the toys passed from one to the other, and 
were in the A's apartment common property. The games that were 
played were the games of children everywhere. It should be mentioned, 
however, that on the lawn there was a sand-box, about 8x8 feet, which 
was used by almost all the children in the X House, even by the older 
children ; Dick E and William S used to be taken there when the others 
were not present. 

On September 15, 1916, the case which we regard as the first of 
infantile paralysis made its appearance among Uie children in the 
X House. On the evening of this day, Harry A, aged 2^ years, was 
taken ill. On September 11, five days previously, both he and his 
sister, Barbara A, 3^ years old, had what their parents regarded as a 
" digestive upset,'* accompanied by rather high fever. But both chil- 
dren were so much better on the following day after castor oil that they 
were considered well again. Harry A remained in normal health from 
that time imtil the beginning of his acute illness, five days later. He 
29 
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went to bed to all appearances perfectly well, but was found at 11 o'clock 
screaming with pain. He was nauseated and vomited. His temper- 
ature was 103 '^ F.' All night he was extremely restless, slept fitfully 
and frequently cried out. The next day, September 16, he seemed 
extremely ill. His temperature was 103^. The parents now noted 
something never seen in any of his previous illnesses and remarked 
on it at the time as being very strange, that he cried whenever touched 
or moved, and put his hand frequently against the back of his neck. At 
times he seemed " out of his head.'' On September 17, the third day of 
his illness, he was seen by the family physician, who was said to have 
made a very casual examination and who left the impression that the 
illness might be a ^ bilious attack '^ or ^ malaria " (no blood examina- 
tion was made) . His temperature was then 102^ P. The sensitiveness 
to touch continued. For tiie next three days Harry A remained in bed 
(or on a couch in the living room) except twice when taken out for a 
drive. On the fourth day his temperature began to fall and his condi- 
tion steadily improved. During this time the parents observed that, 
when he was taken out of bed, he was unable to climb bac^ into it, and 
that he could get on his hands and knees but had difficulty in sitting up. 
When Harry A was strong enough to walk, the parents became troubled 
at his way of doing it, and on September 23, the eighth day of his 
illness, made him walk before Mr. B, in order to obtain the tatter's 
opinion. On September 24, the ninth day of his illness, they consulted 
their physician who, however, did not find anything wrong. After that 
time the little boy rapidly recovered his former strength and is now per- 
fectly well, except that he becomes fatigued easily when walking. 
Apparently the possibility of poliomyelitis was not suspected, and no 
physical examination with that in mind was made. 

Either on the day following Harry A's illness or two days later (Mrs. 
A does not remember which). Baby A, aged 4J months, developed a 
fever of 103** F., and vomited. She is said not to have had fever 
previously, but to have been subject to indigestion from birth, was mal- 
nourished and vomited frequently. Her temperature did not become 
normal for 10 da3rs. The l»by was not seen by a physician. 

Barbara A remained well during this time. 

Illness next appeared in the B family, which consisted of Mr. and 
Mrs. B, a foreign white maid and five children. They lived on the 
ground fioor of the X House. Mr. B used to go in the street cars eadb 
day to his laboratory in the city where, however, he was not exposed to 
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poliomyelitis or any other disease. Mrs. B and the mi^d, who spoke 
no English^ remained at home practically the entire time. All three 
weie in perfect health during the month which preceded the children's 
illnesses. They had one guest during the summer^ but he had left 
more than a month previously. It is an interesting fact, as possibly 
indicating a predisposition to poliomyelitis in the B family, that one 
of Mrs. B's sisters and one of her cousins are paralyzed as the result 
of poliomyelitis in infancy. 

As already mentioned, the children of the B family were particu- 
larly intimate with the children of the A family, and frequently visited 
the latter. On September 16, the second day of Harry A's illness, 
Bobby B went to see Harry A and spent the entire morning playing 
with toys in the A's apartment. On the following day, September 17, 
Charlie B twice brought broth for Harry A and was in the A's apart- 
ment a half hour. He " caressed *' Harry A but did not kiss him. 
On the following day or the day after, either September 18 or 19, the 
parents cannot remember which, Charlie B, Dorothy B and Mary B 
visited the A's apartment in order to see Harry A, and spent a half 
hour or more playing, and while there received buttered toast prepared 
for them by Mrs. A. It is thus seen that the contact between the B 
children, with the exception of the B baby, and the A children during 
Harry A's illness is very definite. The exception of the B baby to this 
contact is important, because the B baby was the only one of the B 
children who, within the nine days following the onset of Harry A's 
illness, did not contract poliomyelitis. For the two weeks previous to 
their illnesses the B family were not exposed, to their knowledge, to 
any sick person with the exception of Hariy A and Baby A. 

On September 21, five days after the onset of Harry A's illness, 
Bobby B, aged ^ years, was taken sick. That morning he had eaten 
a good breakfast and had been roller-skating for two hours, when he 
came into the house complaining that he felt sick and his head ached. 
His temperature was foimd to be 103*" F. He went to bed, seeming 
" a little dull,*' and refused dinner, but got up in the afternoon in order 
to see his teacher. He had a poor appetite for supper, and went to bed 
again immediately afterward. The next morning, September 22, he 
seemed so much better that his parents did not think it necessary to 
take his temperature and regarded him as being practically well. After 
a rather poor breakfast he went out of doors and remained there almost 
the entire day, the greater part of which he spent in roller-skating. 
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coming in only for his dinner. Though he did not seem actually sick, 
he looked pale and did not act like himself. He went to bed without 
eating supper. The following day, September 23, he ate a good breakfast 
and went out roller-skating again, but returned at 11.30 looking very ill. 
It seemed to his parents that a sudden change had taken place; his 
temperature was 103** P., and he again complained of severe headache. 
He was put to bed at once and soon became so drowsy that it was neces- 
sary " to shout *' to get an answer. He now began to complain of pain 
in the back of his neck and in the front of his head, and at seven in 
the evening he vomited. The following day, September 24, he seemed 
slightly better and no longer complained of headache, and played with 
paper dolls. His temperature was 102.5** P. When seen late that 
afternoon by one of us, he was in bed, rational, and did not complain 
of pain, but looked very sick and exhibited the restless behavior 
of children with a high fever, though his temperature was only 
102.5" F. His face imderwent frequent choreiform-like contrac- 
tions. Some nasal obstruction was present, but unaccompanied by 
discharge. The knee and ankle jerks were exaggerated. No clonus 
was present On attempting to obtain the Kemig sign, marked pain 
was elicited. There was well-marked general hyperaesthesia ; otherwise, 
the physical examination was negative. That evening he became much 
worse, complaining of pain everywhere, and evidently paralysis had 
begun to manifest itself, for he could not stand. The following morn- 
ing, September 25, he was again seen by one of us. His legs were 
almost completely paralyzed, though some slight motion of the left 
great toe was still present Knee and ankle jerks were now absent The 
diaphragm seemed to be completely paralyzed and thoracic respiration 
was feeble. Each inspiratory movement was accompanied by marked 
dilatation of the nostrils and gasping movements of the mouth. Slight 
internal strabismus had appeared, and the left pupil was smaller than 
the right. About 1.30 p. m. there was a general convulsion. Prom this 
time on respiration was kept up by means of a *' pulmotor.'* He was 
transferred to the poliomyelitis hospital. On arrival, spinal fluid was 
obtained, which showed 260 cells and a positive reaction for globulin. 
He was given 10 c. c. of immune serum intraspinally. He died at 
1.30 the following morning. 

At necropsy, the typical lesions of acute poliomyelitis were found. 
There was a general lymphatic hyperplasia, most marked in the solitary 
nodules of the large and small intestines, Peyer's patches, and the 
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mesenteric lymph nodes. The brain was soft and congested. The 
pons^ medulla and spinal cord were swollen and oedematons. There was 
a sterile fibrino-purulent exudate over the surface of the spinal cord 
(injection of inmiune serum). Microscopical examination showed 
hyperaemia, extensive perivascular and diffuse infiltration of cells, 
mostly mononuclear cells, nerve cell degeneration and neurophago- 
cytosis in the tegmenta of the pons and the medulla and especially in 
the anterior horns of the entire cord. 

On September 23, two days after Bobby B was first taken sick, at 
about 10 o'clock in the evening it was noticed that Mary B, aged 
2^ years, did not seem well. The next morning, September 24, her 
temperature, taken for the first time, proved to be 103" F. Since her 
parents found it difficult to keep her in bed, they dressed her and 
allowed her to sit or wander about the house throughout the day. When 
seen in the late afternoon of September 24, by one of us, her tem- 
perature was 102.6** F. She looked pale, but did not act especially 
sick and did not complain, and gave no indication of headache. No 
examination was then made except to determine that both knee jerks 
were present but not active, that no paralysis existed, and that her 
throat was clear. Her gait was normal. The next day, September 26, 
she seemed somewhat better, but was removed to the poliomyelitis hos- 
pital. On her arrival there she was very drowsy and irritable when 
disturbed; her temperature, however, was 99**. Physical examina- 
tion revealed nothing. A spinal puncture was done ; the fluid obtained 
contained a trace of globulin, but only five cells per cubic millimeter. 
(The physician who made the puncture is certain that there was no 
admixture of blood.) 

Three days after the beginning of Bobby B*s illness, and on the 
day following the illness of Mary B, namely, September 24, Charlie B, 
aged 9^ years, was suddenly taken ill. Charlie had eaten a fairly large 
breakfast that morning and had been out of doors playing, but returned 
to the house about noon, complaining of severe headache. His tem- 
perature was 103" F., and he was immediately put to bed. When seen 
late that afternoon by one of us his temperature was still 103" ; his face 
was flushed. He lay in bed, appearing in great distress, with his hand 
pressed against his forehead. He continually tossed about and his face 
twitched. On examination it was noted that the knee jerks were hyper- 
active; well-marked hyperaesthesia was present, and flexion of the 
extended leg in the attempt to obtain Kemig's sign seemed to produce 
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a great deal of pain. The neck was not stiffs and in otiier respects the 
physical examination was entirely negative. On the morning of the 
next day^ September 25, the temperature was 102^ F., but his condition 
was greatly improved. He was found sitting up in bed, catting out 
paper dolls, and said his headache had entirely disappeared. A leuco- 
cyte count taken at this time showed 19,000 white blood cells. The 
physical examination was entirely negative, except that the knee jerks 
were still over-active. That afternoon, at about 2 o'clock, he was trans- 
ferred to a poliomyelitis hospital with his brother and two sisters. On 
arrival his temperature was 99.2^, and lumbar puncture showed five 
cells and a negative reaction for globulin. Eight cubic centimeters of 
immune serum were given, however, intraspinally. The urine con- 
tained albumin. The boy quickly recovered his normal condition. A 
lumbar puncture repeated on October 11, 17 days after the onset of his 
illness, showed a clear fluid, which gave a negative globulin and con- 
tained only two cells to the cubic millimeter. 

At half past five in the afternoon of September 24, Dorothy B came 
into the house complaining of headache. She had been out of doors 
almost the entire day, had eaten her usual dinner, and seemed in her 
customary health. Her bowels had moved normally. Her temperature 
was immediately taken and found to be 104^ F. She was put to bed. 
Her face was flushed. She seemed to her father very ill. She held 
her head and complained of headache exactiy as her brother Charlie B 
had done. On the following morning, September 25, she was seen by one 
of us. A physical examination revealed nothing excepting overactive 
knee jerks. She was found sitting up in bed and stated that her head- 
ache was gone. Her temperature was then 102.5® F. At 2 o'clock in 
the afternoon she also was taken to the poliomyelitis hospital. On 
admission her temperature was 101.6** ; pulse 140. Physical exami- 
nation was negative. The spinal fluid showed three cells per cubic 
millimeter, and a negative test for globulin. She was given, however, 
10 c. c. of immune serum intraspinally. The following day her tem- 
perature was normal. On October 11, 17 days after the onset of her 
illness, spinal fluid was again obtained ; it contained nine cells per cubic 
millimeter and the test for globulin was negative. 

On September 24 the illness appeared also in the C family. The C 
family was composed of Mr. and Mrs. C, Mrs. G's mother, and two chil- 
dren. Jack and Billy. At this time they had no servant. Mr. G, a busi- 
ness man, went to his work daily, using the street cars. Mrs. G and her 
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mother had been out of the house veiy little during the two weeks 
which preceded Jack G's illness. Neither Mr. G, Mrs. C, nor Mrs. (7s 
mother had been exposed to any illness^ so far as they were aware^ and 
the childrai had not been in contact with any sick person excepting 
Harry A. 

Jack C was 6 years old. About a week before the beginning of his 
acute illness he had a digestive upset (a frequent occurrence) . This kept 
him indoors until September 21. On that day^ his physician allowed 
him to go out. In the morning he and his brother, Billy C, were taken 
for a half hour's drive by Mrs. A in the governess pony-cart, together 
with Elizabeth D and Barbara A and Harry A. It was the fifth day of 
Harry A's illness, and he was still so weak that he had to be lifted in 
and out of the pony-cart. Mrs. A, who drove, recalls that Elizabetii D 
and Barbara A, who were seated in the pony-cart next to Harry A, 
quarreled so much that she removed Elizabeth D, putting Jack G in 
her place, so that Jack C and Harry A sat next each other for the 
greater part of the drive. Mrs. A says that the only reason die remem- 
bers the incident is that, when Jack C was placed next to Harry A, she 
noticed that both children looked pale. Mrs. A also says that the pony- 
cart was so small and on this drive so crowded that all tiie children sat 
with their heads close together. Jack G was not exposed to any sick 
B person during the two weeks preceding his acute illness^ except to 
Harry A on this occasion. 

At 2 o'clock on the morning of September 24, the day on which 
Charlie B and Dorothy B were taken sick. Jack G awoke his parents 
complaining of headache and shortly afterwards vomited. His parents 
took it for granted that Jack C was suffering from another of his 
digestive upsets, but by the next morning, September 26, his condition 
had become so serious that they called in their family physician. 
Jack's temperature was then 102.5^ F., the headache had become more 
intense and vomiting had recurred a number of times. When the 
physician arrived, he found well-marked rigidity of the neck, increased 
reflexes, a positive Eemig sign and an extreme degree of hyperesthesia. 
The boy was extremely drowsy; occasionally he cried out in his sleep 
and twitched convulsively ; at times he was delirious. On September 27, 
the third day of his illness, a lumbar puncture was performed. The 
spinal fluid was sterile, but contained 173 cells to the cubic millimeter, 
a preponderance of which were polymorphonunclear leucocytes; the 
globulin test was faintly positive. At this time his temperature was 
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102.3** P. In the course of the next three days the temperature fell to 
nonnal and all symptoms disappeared. No paral3r8i8 developed. For 
the five weeks which followed he was kept in bed and the family have no 
idea whether any muscular weakness was present. He is now, Janu- 
ary 1, 1917, entirely well. 

The next child to be taken sick was Ned F, 3 years old. The F family 
was composed of Mr. and Mrs. F, their only son, Ned, and two servants. 
For some time Mrs. F and Ned had been at a summer resort which 
was considered free from poliomyelitis. They had returned to the 
X House only seven days before Ned became ill. None of the adults 
in the family had been exposed to any sick person so far as is known, 
and were themselves well previous to Ned's illness. Ned F, as will be 
remembered, was a special friend of Harry A, and during Harry A's 
illness Ned F was repeatedly in the A's apartment. Mrs, F took Ned F 
and Harry A for an hour's drive in her automobile on September 20, 
the fourth day of Harry A's illness. Harry A was so sick at the time 
that he was carried to and from the automobile. We could not learn 
that Ned F was exposed to any other sick child than Harry A. 

We do not know the exact details of Ned F's illness. Indeed at first 
it was denied altogether, and later only the fact was admitted. From 
other sources we have learned, however, that on September 25, the day 
on which the B children were removed to the hospital, Ned F was taken 
sick and vomited. At noon of that day Mrs. F, learning that the B 
children had infantile paralysis, in great excitement wrapped Ned in a 
blanket and left the city. She is reported to have said that Ned looked 
so sick that she could not imderstand how she succeeded in passing the 
officials at the railroad station, that he vomited several times that day 
and night and felt hot, that she was terrified, and that he did not seem 
well again for 10 days. We also learned that Mrs. F said she felt per- 
fectly sure Ned had the disease. At any rate, he did not develop any 
paralysis and is now well. 

On the day on which the B children were removed to the hospital 
and Ned F was taken sick, Elizabeth D, aged 6, the only daughter of 
Mr. D, an employee of the X House, became ill. The D family lived in 
the basement of the X House, and consisted of Elizabeth D, her father 
and an aunt. We could discover little in regard to her or her family 
during the two weeks which preceded her illness. We cannot find that 
she entered the A's apartment or came in contact with Harry A during 
his illness, except on one occasion, namely, during the half hour's drive 
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in the pony-cart on September 21, the fifth day of Harry A's illness. 
Her boon companion was Jack C, and, if Elizabeth D had poliomyelitis, 
we should expect to find that her exposure occurred at the same time as 
that of Jack C. (See page 396.) 

We have very little information in regard to Elizabeth D's illness. 
Her father denied to us that she was sick at all, but he told at least 
three of the residents of the X House that she was ^* very sick '^ on the 
night of September 26, and that he was "scared for fear she had 
infantile paralysis '' ; in fact, a resident of the X House infonned us 
that he knew at the time that Elizabeth D was ill because he was kept 
awake by her screaming. The doctor who visited Elizabeth D informs 
us that she had an earache. He did not examine her ear-drum, and her 
ear never discharged. Whatever the nature of her illness, it is certain 
that she was suddenly taken sick coincidently with the others. 

The next child to become ill was Billy C, aged 4. It will be remem- 
bered that Billy C was present^ as well as his brother. Jack C, on the 
drive in the pony-cart with Harry A. On September 28, four days 
after Jack C's illness began, Billy C was suddenly taken sick. The 
evening preceding, the family doctor saw him and testifies that he was 
in normal health. At 1 o'clock in the morning he awakened his parents 
complaining that he could not sleep. At 8 o'clock he vomited. His 
temperature was then between 104" and 105** F. He had no headache, 
but complained of pain in the back of his neck. When seen by the 
physician, the neck was rigid, the Kemig sign positive; the tendon 
reflexes were exaggerated ; marked general hypersesthesia was present. 
At times he was delirious. In fact, his illness was more severe than 
that of his brother. At the end of six days his symptoms had entirely 
disappeared and no paralysis occurred. He, too, was kept in bed for 
five weeks, at the end of which time he seemed to have recovered 
entirely. 

Baby B, the only one of the B children who had thus far escaped 
infection, was a healthy baby, 4| months old, but weighing only 
9 poimds. Her mother used to keep her out of doors on the lawn in a 
basket for a large part of each day, when the weather was pleasant, 
but had not done so during the nine days which preceded her illness, 
because of the illness of Bobby B and the other children. Baby B's 
brothers and sisters came into the closest contact with her and, of the 
four, Bobby was the most devoted to her, often kissing and caressing 
her. Dorothy B frequently carried the baby about in her arms, and in 
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the early morning it was the parents' custom to take the baby into tiieir 
own bed^ where the other children gathered to play with her. The 
parents vividly recall that on September 22^ during the intermission 
which ensued between the acute symptoms of the onset of Bobby B's 
illness and those which preceded his deaths he repeatedly kissed and 
fondled the baby. 

Immediately preceding her acute illness^ Baby B was perfectly well, 
except for a slight cold^ and did not come in contact with any sick 
person except her brothers and sisters. 

At 6 o'clock in the evening of October 1^ the baby was exhibited to a 
guest, a physician, and gave every sign of being in perfect health. At 
10 o'clock Mrs. B observed that the baby's skin felt hot, but did not 
take her temperature for lack of a thermometer. The baby took the 
10 o'clock feeding well, but afterwards seemed very sick, sleeping 
hardly at all and frequently crying out as if in pain. The parents, 
alarmed, remained awake the entire night. The following morning, 
October 2, the baby's temperature was found to be 102.5® F. She was 
exceedingly restless and very hyperaesthetic. Her bowels moved nor- 
mally and there was no vomiting. Late in the afternoon of October 2 
the baby was seen by one of us. She looked very ill, frequently crying 
out^ and screamed when touched. The fontanelle was full, the pulsa- 
tions were particularly pronounced. Retraction of the neck was appa- 
rent, and when the head was flexed upon the chest she screamed, though 
she did not resist the flexion. The knee-jerks were much exaggerated 
and the ankle-jerks easily obtained, but there was no clonus and no 
Kemig sign. No paralysis was present. A lumbar puncture was twice 
done and bloody fluid obtained, under apparently normal pressure. 
That evening the temperature rose to 103.6** F. By the following 
morning, October 3, the third day of the disease, paralysis had appeared, 
with involvement of the left deltoid, pectoralis major and triceps 
muscles. On this day the baby was removed to the poliomyelitis hos- 
pital. On arrival a lumbar puncture was performed; the clear fluid 
obtained contained 270 cells to the cubic millimeter and remained 
sterile. During the course of the day, weakness developed in the flexor 
muscles of the left leg. The temperature continued elevated for four 
days and then fell to normal. The baby still (January 1, 1917) has 
paralysis of muscles of the left arm. 

Thus, of the 11 children who formed the group which came into 
especially intimate contact with the A family, all but two developed 
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some kind of an illness within a week of each other, and within the 
13 days which followed the onset of Harry A's illness. The two who 
escaped were Barbara A, Harry A's sister, and Fritzie H. Barbara A 
was, of course, more exposed to infection, provided it centered about 
her brother or in the A's apartment, than any other child in the 
X House, and ought under those circumstances to have contracted the 
disease before any of the others.* We cannot find that Fritzie H, on 
the other hand, entered the A's apartment at all or came in contact with 
Harry A during his illness and, if exposure in the A's apartment or to 
Harry was essential for infection, ought to have escaped it. She was 
exposed, however, to Bobby B on September 22, the day marking the 
intermission period of his illness, for on that day she was taken for a 
drive with him and Barbara A in the A*s pony-cart; but she remained 
well (Table 1). 

EXPERIMBNTS. 

The following experiments were planned with a view of proving that 
certain of the cases of illness among the children in the X House, not 
accompanied by paralysis, were poliomyelitis, and in the hope that by 
the method employed we might be able to trace the outbreak back to its 
starting point: 

Experiment I (a), October 13, 1916. — Ringer's solution washings of the 
nose, mouth, pharynx and intestines of Charlie B, obtained when in perfect 
health 19 days after the onset of his illness; the filtrate injected "into a 
monkey. 

The washings of nose, throat and mouth were made by passing the 
Ringer's solution through these passages several times, until it was rich 
in mucus. The intestinal washings were obtained in a similar manner, 
after the fecal matter had been removed by means ot a normal saline 
enema. Both sets of washings were mixed together, shaken ana passed 
through a Berkefeld filter, which would not allow the passage of the B. 
violaceus. Fifty cubic centimeters of filtrate were obtained, 2 c. c. were 
injected into the left lateral ventricle and 10 c. c. into the peritoneal cavity 
of Macacus rhesus. No. 1, a small monkey which had been in the laboratory 
about four years. * The monkey appeared healthy. The injections were 
made under ether anesthesia. 

This monkey recovered at once and r^nained well for 48 hours. He 
then showed weakness in his right hind leg, later in his left hind leg and 
a prolapse of the rectum develc^ed. He dragged his hind parts. On the 
fourth day his front legs became weak and his respirations nj^id. He was 
unable to lift himself frcnn the floor. He was not, however, completely 
paralyzed in any of his extremities. On the fifth day his respirations 
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became slow and labored and he died. At autc^sy, no lesions of the organs 
were found excepting hyperplasia of the lymphatic nodules of the spleen, 
stomach, intestines, lungs and Isrmph glands. The brain appeared normal. 
The cord was hypersemic but not oedematous. There were a few hemor- 
rhages into the cord and medulla, but no cellular infiltration except in one 
small area in the floor of the fourth ventricle. A small part of the floor 
was inflltrated with round cells and a few of the neighboring yeins showed 
perivascular infiltration. A number of the sensory ganglia were examined, 
but no lesions were made out. A piece of the cord was taken aseptically 
and placed in 50 per cent glycerine. 

BxpERiMENT I (b). — ^December 2, 1916. Injection of an emulsion in physi- 
ological salt solution of the glycerinated cord of Monkey No, 1 into Monkey 
No. 2, a healthy Macacus rhesus. 

One cubic centimeter was placed into the left lateral ventricle and 4 c. c. 
into the peritoneal cavity of this monkey. 

Experiment I (c). — December 12, 1916. A thick emulsion in physiologi- 
cal salt solution of another part of the glycerinated cord of Monkey No, 1, 
injected into Monkey No. 5, 

One cubic centimeter of the emulsion was placed in the left lateral 
ventricle and Ice into the p^toneal cavity. 

Both of these monkeys have remained well up to the time of writing, 
January 22, 1917. 

ExpEBiiiENT I (d). — October 29, 1916. Nasal, pharyngeal and intestiwa 
washings again taken from Charlie B and from his sister, Dorothy B, S5 
days after the onset of their illnesses and injected into monkeys. 

Nasal and pharyngeal washings of the two children were mixed together, 
filtered, and 2 ' c. c. of the filtrate were introduced into the left lateral 
ventricle and 10 c. c. into the peritoneal cavity of a large, healthy monkey. 
No. 4. 

The intestinal washings of the two children were kept separate, shaken 
and filtered and injected in the same manner, each into one of a pair of 
young healthy Macacus rhesus. Monkeys Nos. 6 and 6. These monkeys wer« 
well at the end of six weeks. 

ExpEBiMEiTT II. — October 21, 1916. Washings of the nasopharynx, mouth 
and colon of Harry A obtained in manner described in Experiment I, 36 
days after onset of his illness, injected into large Macacus rhesus, No. 3. 

Two cubic centimeters were injected into the left lateral ventricle, 40 c. c 
into the peritoneal cavity. The filtrate contained very little mucus. The 
monkey was reported to have remained well. 



Discussion. 

Flexner and Lewis found that the filtrate of an emulsion of the nasal 
mucous membrane of a monkey having poliomyelitis produced the dis- 
ease when inoculated into a healthy monkey. Following this experi- 
ment a number of investigators^ Landsteiner and Leviditi, Leiner and 
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V. Wiesner, Bomer, StrauBgy Bosenau^ Sheppard and Amoss and Gins 
attempted to transmit the disease to monkeys by means of a Beikef eld 
or Chamberland filtrate of material obtained from the nose, pharynx 
or mouth of patients ill with the disease.' All the experiments were 
n^ative. 

In February, 1911, Osgood and lAicas* reported successful trannnis- 
sion of the disease to healthy monkeys by means of a Berkefeld filtrate 
of an emulsion of the nasal mucous membrane obtained from monk^ 
dying without other demonstrable infection six weeks and five and 
one-half months after the acute stage of the disease. 

By far the largest number of experiments of this kind were per- 
formed by Kling, Pettersson and Wemstedt, 1912.' They attempted to 
transmit the disease to monkeys by means of a filtrate of the secretion 
of the nose, mouth, pharynx, trachea and intestines of persons dead 
with the disease, acutely ill with it, having recently recovered and hav- 
ing recently been exposed to it, and healthy persons who apparently had 
had no contact with the disease. These investigators report a large 
number of positive results. The technic that they used dififered in one 
important particular from that of their predecessors; instead of a 
Bericefeld, Chamberland, or other filter, they used a Heim, which is 
more permeable. 

In 1913, Flexner, Clark and Frazier' washed with normal saline 
solution the nose, mouth and pharynx of healthy parents of a child 
sick with the disease. It was shaken and passed through a Berkefeld 
filter. One and a half cubic centimeters were injected into the sciatic 
nerve and 140 c. c. into the peritoneal cavity of monkeys. The animals 
developed typical symptoms, and the authors state that the cords 
showed typical and characteristic lesions of the disease. 

It is seen that the disease has been successfully transmitted from 
infected human beings to monkeys. But the majority of investigators 
who have attempted thus to transmit the disease have been unsuccessfuL 
Although Eling, Pettersson and Wemstedt report a large number of 
positive results, and a high percentage of their inoculated monkeys 
showed symptoms certainly strongly suggestive of poliomyelitis, the 
positive interpretations which they put on the results of many of their 
experiments are open to criticism, in that they accepted purely degen- 
erative changes in the nervous system as a final criterion for the 
diagnosis of this disease. In fact, the large number of positive results 
reported by Kling, Pettersson and Wernstedt are difficult to reconcile 
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with the observations of Flexner and Lewis* and other inyestigators, 
according to which monkeys frequently fail to become infected, even 
when an emulsion of the spinal cord of another monkey dead of the 
disease is used; and further, it is known that human strains are often 
less Yimlent to monkeys than strains that have undergone preliminary 
passage through monkeys which are more susceptible to the disease. 

Negative results following the inoculation of monkeys with secre- 
tions which are supposed to contain the virus of poliomyelitis mean 
nothing. 

In our experiments the material was obtained three and six weeks 
after the acute stage of the disease, and after the children had been 
well for some time. No attempt was made to concentrate the material, 
and the material injected was small in amount. 

DiBousBiON OF Diagnosis. 

The clinical diagnosis of poliomyelitis is ordinarily made when a 
flaccid paralysis suddenly develops without apparent cause in the 
course of a short, otherwise unexplained, febrile illness, usually 
marked by symptoms of involvement of the central nervous system; 
it receives corroboration if certain fairly characteristic changes also 
occur in the spinal fluid. The paralysis may be so extraordinarily dis- 
tinctive in the suddenness of its development and selection of muscle 
groups as alone to establish the diagnosis, but the constitutional mani- 
festations of the disease are never in themselves sufficient to distinguish 
it from certain other infections. Under unusual conditicms, however, 
the circumstantial evidence favoring poliomyelitis may be so over- 
whelming as to justify that diagnosis when the constitutional symptoms 
only are present, that is, when poliomy^tis is in the community in 
epidemic form and side by side with the case in question, which cannot 
be explained otherwise, and when in the same family or house, or among 
playmates manifest cased of the disease develop having identical 
onset and symptoms. 

Such were the unusual conditions that obtained in the outbreak at 
the X House; eight children living in the same house with deflnite 
association proved; all taken abruptly sick, without apparent cause, 
within 15 days of each other, six of them within eight days of each 
other; seven of them obviously having the same disease, as judged by 
the mode of onsets symptoms and physical signs, and three of the seven 
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proved to have poliomyelitis by the development of paralysis or changes 
in the spinal fluid.^ 

The diagnosis of poliomyelitis in the ease of Mary B, who did not 
show all of the symptoms of the others, depended on circumstantial 
evidence alone. It will be remembered that her illness was character- 
ized only by fever, pallor and malaise. The onset may have been 
sudden, headache may have been present, but neither was apparent 
(she was only Zi years old). The coincidence of her illness, otherwise 
unexplained, with the illnesses of her four brothers and sisters, leaves 
no alternative but to regard the illness as poliomyelitis also. 

When we come to the illnesses of Ned F and Elizabeth D, it must be 
said that the data in our possession are insufficient to permit any 
definite conclusion. But we feel it is not without significance that these 
two children were abruptly taken sick, five to seven days after exposure 
to Harry A (Ned F at least, without apparent cause), and coincidently 
with the six other children. Elizabeth D*s " earache ** might have been 
the violent headache which was so marked a symptom in the other cases. 
We can form no idea whether the illness of Baby A was poliomyelitis 
or not. 

Mode of Convbtancb op Infection. 

Although now it is very generally believed that poliomyelitis is an 
infectious disease, there exists considerable difference of opinion in 
regard to its mode of conveyance from one person to another. The 
theory which has received most support from clinical experience and 
experimental investigations on monkeys, is that the infecting material 
is contained in the discharges of the carrier of the disease and conveyed 
to the non-infected by direct contact or through the medium of con- 
taminated objects, such as toys, food, clothing, etc. (Wickman, Kling, 
Pettersson and Wemstedt, Flexner and others), or possibly through the 
agency of filth-carrying insects, such as the fly. But others have 
ascribed the conveyance of infection to blood-sucking insects. The 
stable fly (Bosenau and Brues*) the bed-bug (Howard and Clarke"), 
the rat fiea (Richardson"), and other insects have been thought to be 
the agents of conveyance. 

We investigated the question of insects and insect-carrying animals 
at the X House, but failed to find any evidence that insects could have 
been the source of the infection. The X House and its environs were 
probably as nearly free from them as any house or locality in the city. 
There were no fieas, and we cannot find that the stable fly was common 
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in that locality. But aside from these considerations, the theory of the 
transmission of poliomyelitis by biting insects does not explain the 
facts of the outbreak at the X House; for one group of children was 
affected and the other spared; moreover, the children in the affected 
group developed the disease suddenly, six children (possibly eight) 
almost together, and the outbreak was begun and ended in two weeks. 

We also investigated the sanitary conditions at the X House (gar- 
bage disposal, etc.), and the food and water supplies of the different 
families without bringing to light any facts indicating the introduction 
of the infection through those channels. So far as we are aware, 
there was no single kind of food or a food derived from a particular 
source, except perhaps sweetmeats, which was common to the affected 
families and not to any of the others. The case of the B baby, however, 
renders the food transmission theory untenable, in one instance at least, 
for the baby received different food from that of all the other affected 
children,** and yet contracted the disease. 

The theory of infection through human contact, on the other hand, 
furnishes the likely interpretation of the facts. 

If the analysis of the outbreak of poliomyelitis in the X House indi- 
cates one thing more than another, it is that the primary spreading 
point of the infection was in the A apartment, or connected in some 
way with the A family, in all probability centering about Harry A. The 
crux of the problem seemed to be, therefore, to discover how the disease 
found its way into the A family. 

Mr. A was in the habit of going to his oflSce in the city each day by 
the street cars, but was not aware of contact with any case of poliomye- 
litis or any sick person. Mrs. A left the X House very little during 
the period which preceded Harry A^s illness and met, to her knowledge, 
no one who had poliomyelitis or any other disease. The colored maid," 
19 years old, the laundress also colored, who did her work outside the 
A*s apartment, P. V., the boy who drove the pony-cart, and P. V.*s 
friend, were each visited at their homes without bringing to light any 
association with any case of poliomyelitis there or elsewhere. 

The only other person from without, who came in contact with the 
A children during the critical period which preceded Harry A^s illness, 
was Mrs. A*s father, Mr. W, an elderly man, a resident of New York, 
and accustomed to travel about extensively. On September 6, nine 
days before Harry A was taken ill, he had come directly from 
New York, where poliomyelitis was then at its height, to visit his 
30 
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daughter; remained for a day and night in the A's apartment, and 
while there came in close contact with the children ; in Mrs. A's words, 
" the children climbed all over him/* But except for the fact that he 
came from an infected locality, and that the date of his visit preceded 
the date of his grandson's illness by a comparatively short interval, 
there seemed to be little reason for supposing him to be the carrier of 
the disease. We desired to learn whether he had come into contact 
with poliomyelitis, or had been ill himself prior to his visit to his 
grandchildren, but were unable to obtain this information. We also 
sought to test him for poliomyelitis by the inoculation of monkeys with 
filtrates of his secretions, but without success. We were, therefore 
unable to discover the origin of Harry A's illness and of the outbreak in 
the X House. 

We think, however, we have obtained evidence that the disease was 
transmitted from person to person after it had found entrance to the 
X House. At least, we have been able to show that all those children 
developing the disease after Harry A were exposed to Harry A with the 
exception of Baby B, and became ill with the disease from three to 
eight days after the exposure ; that Baby B, on the other hand, was in 
her turn exposed to Bobby B and the other B children, and developed 
the disease less than nine days afterwards; that all the children 
exposed to Harry A during his illness developed the disease with the 
exception of Barbara A, Harry A's sister, and perhaps also Ned F and 
Elizabeth D,* and that none of the children not exposed to Harry A 
(with the exception of Baby B, just mentioned), on the other hand, 
developed poliomyelitis. 

A consideration of the incubation period of all the children calcu- 
lated on the supposition that the outbreak took origin from Harry A, 
or his environment, also lends support to this view (see Table 2) . The 
shortest incubation period was that of Jack C (exposed to Harry A on 
September 21, during the drive in the pony-cart) ; it was three days 
long. The incubation period of his brother, Billy C, was four days, if 
he acquired the disease from Jack C, seven days if from Harry A, 
during the drive in the pony-cart just referred to. His exposure to his 
brother. Jack C, was particularly close, because the family, not appre- 

* Ned F and Elizabeth D, it will be remembered, were both taken sick on 
September 26, four to seven days after their exposure to Harry, but the 
data in regard to their illnesses were not suflloient to form a definite 
judgment 
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ciating the nature of Jack G's illness for two days^ made no attanpt 
to keep the two boys apart during that time. Bobby B's incubation 
period was probably five days, though it may have been less. He came 
in contact with Harry A two or three days before his brother and sisters, 
and developed the disease two or three days before they did. This 
rather remarkable correspondence between the time of exposure and of 
onset made it seem likely that his infection dated from the first day of 
his exposure to Harry A, which would make the incubation period five 
days. The incubation periods of Mary B, Dorothy B and Charlie B 
calculated from their exposure to Harry A, lie between two and seven 
days, and seemed fairly definite. (Of course, it was possible that Mary, 
Dorothy and Charlie B contracted the disease from their brother, 
Bobby B, but a consideration of all the facts makes that source of 
infection less probable.) Baby B's incubation period, calculated from 
her exposure to her brothers and sister, may be six days. The contact 
between her and Bobby B, in the intermission period of the latter's 
illness, was so intimate (he was repeatedly seen to kiss her) that we 
have felt inclined to date her infection from that time, which would 
make the incubation period seven or eight days; but she may have 
acquired the infection from Bobby B, or the other children later, or 
from infected material left by them in the apartment (see appendix). 
In general, it may be said that the estimated incubation periods of the 
children compare with each other in quite a remarkable way, and that 
the curve formed by plotting out the dates of known exposure parallels 
the curve representing the dates of onset as nearly as would obtain if 
the outbreak had been measles or scarlet fever instead of poliomyelitis. 
The average duration of the estimated incubation periods is four to 
five days." 

TTnfsual Peatuebs op Outbbbak. 

We wish now to point out several features of the outbreak of poliomye- 
litis at the X House which are of unusual interest. The first is the 
remarkable coincidence of the appearance of the disease in all five chil- 
dren of one family. Pasteur " reported seven cases in one family, three 
of which were of the paralytic form. The largest number of reported 
cases of poliomyelitis in any one family during the great New York 
epidemic of the past summer was four." Beece " reported the develop- 
ment of nine cases of poliomyelitis in an ordinary dwelling house, but 
involving more than one family. 
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Another interesting feature of the outbreak of poliomyelitis at the 
X House was the variety of forms in which the disease manifested itself. 
The case of Bobby B was the fatal form of ascending paralysis. The 
cases of Harry A, Jack C and Billy C were typical examples of the 
non-paralytic form of the disease. The acute symptoms lasted the full 
period, five or six days, and their severity was such as to have warranted 
the assumption that paralysis would follow. The illness of Charlie B 
and Dorothy B, characterized by violent onset with symptoms sug- 
gestive of meningitis, but subsiding within 48 hours, are excellent 
examples of the abortive form of the disease. Mary B, on the other 
hand, represents "masked*^ poliomyelitis (the "larvierte" form of 
Miiller). This case would never have been recognized except for its 
association with the others. It is these last two forms which Wickman 
and others regarded as a special menace to the community. 

Another feature of considerable interest is the absence of changes in 
the spinal fluid in three of the cases, Mary B,** Charlie B and 
Dorotiiy B. We cannot find, in the recent literature, a description of 
any case of poliomyelitis in which the spinal fluid was found to be 
normal. As a matter of fact, little is known about the spinal fluid in 
the abortive and ^* masked ** forms of the disease, for the reason that 
a spinal puncture is almost never made in these cases. 

The occurrence of so large a proportion of non-paralytic forms of 
poliomyelitis among the affected children in the X House is interesting 
and is probably not so unusual as might first appear, because the 
milder forms ordinarily escape recognition (Wickman,** Leegaard," 
Miiller," Kling, Pettersson and Wemstedt** and others). A care- 
ful investigation by Wickman of separate outbreaks of poliomye- 
litis in small isolated Swedish villages for such cases revealed that 
35 per cent, 46 per cent and 66 per cent, respectively, of the total 
number of cases were non-paralytic. Wickman estimated that 50 per 
cent of the cases in epidemics of poliomyelitis were non-paralytic. Lee- 
gaard expressed a similar opinion. Edward Miiller, who investigated 
the epidemic of poliomyelitis in Hessen-Nassau, Germany, in 1909, 
came to the conclusion that the abortive forms far exceeded the para- 
lytic and were especially commop among adults. Beece, who studied 
the '* Stokes Biver epidemic ** of poliomyelitis in England, reported 33 
abortive cases of poliomyelitis out of a total of 36. Kling, Pettersson 
and Wemstedt state : *^ According to our experience the virus carriers 
and the abortive cases in a family may be four to five times as numerous 
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as the cases showing t3rpical symptoms/' And finally, even the statis- 
tics of the New York epidemic, which has just concluded, show that 
the non-paralytic cases have been more numerous than those showing 
paralysis. In the X House, the proportion of non-paralytic cases is 
over 60 per cent. 

Finally, how can we reconcile the facts that in the outbreak at the 
X House the disease occurred in so severe a form in one case and so 
mild a form in most of the others ? And what is the significance when 
the incidence of the disease, in a given community, is high and the 
proportion of mild forms relatively great? We can only theorize in 
answer to these questions. We wish to point out, however, that the 
severity of the disease in the case of Bobby B may be explained on the 
ground of excessive physical exertion (it will be remembered that he 
roller-skated throughout the second and the morning of the third day 
of his illness) . Wickman writes in this connection : ^ Exercise during 
the initial stage seems ^unfavorably to influence the further course of 
the disease and seems to tend to induce a relapse.'' 

The significance of a high incidence of the disease in a community 
or a house must be that the infecting material is widespread and easily 
accessible, so that a large number of persons become infected. The 
significance of the large proportion of mild cases, as observed in all 
the carefully studied epidemics, we would regard as indicating that the 
larger number of persons are under ordinary conditions little sus- 
ceptible to the disease. If it is true that relatively few are naturally 
susceptible it should be found that when the incidence of poliomyelitis 
is high, the relative number of non-paral3rtic forms is high; that is, the 
two vary directly with each other, and the greater the one, the greater 
also the other. 

In conclusion, we wish to point out from our experience that a 
focus of infection in a city or in a house occupied by numerous families 
or in an institution cannot, from the nature of things, be ideal for the 
study of the epidemiology of poliomyelitis. THe contacts are so numer- 
ous that the investigator, attempting to trace the path of the infection, 
becomes lost in a maze of difficulties. The ideal conditions for such a 
study are still to be looked for, as Wickman originally pointed out> in a 
thinly settled community in which contacts occur, but every one of these 
contacts is an event. 

We wish to express our appreciation to Dr. Simon Plexner of the 
Rockefeller Institute for Medical Research, New York City, and to 
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Dr. G. W. McCoy, of the United States Public Health Service, Wash- 
ington, D. C, for supplying monkeys for some of our experiments. 

Sefebbncbs. 

1. WiCKMAN, Ivan: Acute Poliomyelitis (Heine-Medin's Disease). 

Translated by J. Wm. J. A. M. Maloney, Monograph, Nervous 
and Mental Disease Series, No. 16, New York, 1913. 

2. In the presentation the families will be designated as A, B, G, D, 

etc., the children by fictitious first names. 

3. All temperatures are oral, excepting in the case of Baby B, in which 

they are rectal. 

4. It will be remembered that Barbara A was ill on September 11, 

with a temperature of 104**. It is possible that she had polio- 
myelitis at that time, but scarcely probable, because her illness 
was in no way typical and could be explained on dietetic 
grounds. 

5. See Kling, Pettersson and Wemstedt for references to authors 

just cited. 

6. OsoooD AND Lucas : Transmission Experiments with the Virus of 

Poliomyelitis, J. Am. Med. Ass., 1911, LVI, 495-497. 

7. Kling, Pettersson and Webnstedt : Investigations on Epidemic 

Infantile Paralysis. Eeport from the State Medical Insti- 
tute of Sweden to the XV Int. Gong, on Hygiene and Demog- 
raphy, Washington, 1912. Stockholm. 

8. Plbxner, Glarkb and Feazier, 1913 : Epidemic Poliomyelitis, 

14th note; Passive Human Garriers of the Virus of Polio- 
myelitis, J. Am. Med. Ass., 1913, LX, 201. 

9. Flexner and Lewis, 1909 : The Transmission of Epidemic Polio- 

myelitis to Monkeys, J. Am. Med. Ass., LIII, 1913. 
10. The correspondence in the symptoms shown by these children is 
most interesting. Harry A, Billy G and Jack G were each 
suddenly taken ill with high fever, vomiting, pain in the head, 
and in the back of the neck, hyperaesthesia and were at times 
irrational. All escaped paralysis. Their illnesses, which 
lasted from five to six days, were so similar that the descrip- 
tion of one serves for the other two. No other cause for their 
illness could be found, dietetic or otherwise. The spinal 
fluid was taken in only one case (Jack G) , and in that one case 
it showed the characteristic changes found in poliomyelitis. 
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Turning now to the B children, the illnesses of Dorothy, 
Charlie and Bobby were absolutely identical up to the third 
day. The onsets were violent, timed to the half hour, marked 
by intense headache, high fever, extreme restlessness, hyper- 
sesthesia and increased tendon reflexes. After the initial stage 
the improvement was rapid. On the second and third days 
Bobby B went out to play. Dorothy and Charlie would have 
done so at the same period had they been allowed. The only 
difference in the illnesses of the three children was that 
Bobby B's symptoms started up again on the third day, 
whereas those of Dorothy B and Charlie B ceased altogether. 
No cause for their illnesses other than poliomyelitis could be 
discovered. Bobby B died of the ascending type of paralysis 
(necropsy). No wonder that Mr. B remarked, when his 
fourth child was taken ill : " I don't know what the matter 
with the children is, but I am sure that they all have the same 
thing.*' 

11. BosBNAU, M. J., AND Beues, C. T. : Some Experimental Observa- 

tions Upon Monkeys Concerning the Transmission of Polio- 
myelitis through the Agency of Stomoxys Calcitrans., Tr. 
XVth International Congress on Hygiene and Demography, 
1912, 1, 616. 

12. Howard, C. W., and Clark, P. F. : Experiments on Insect Trans- 

mission of the Virus of Poliomyelitis. Jour, of Exp. Med., 
1912, XVI, 860. 

13. BiOHARDSON, M. W. : The Bat and Infantile Paralysis ; A Theory. 

Bost Med. and Surg. Jour., 1916, CLXXV, 397. 

14. The baby's food consisted of Walker-Gordon milk and lactose. 

15. Although we had no evidence to show that the colored maid was the 

carrier of poliomyelitis, we could not help but regard her with 
suspicion, because, on the one hand, she lived at home (going 
to and coming from her work at the A's apartment) in a negro 
district of the city, and, on the other hand, came into intimate 
contact, not only with the A children, but with almost all the 
children who were affected. She left the employ of the A's 
on September 25, the day on which it became known that the 
B children had poliomyelitis. We visited her home on three 
different occasions and at the two places of employment 
which she had obtained after her departure from the A*8, 
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but were unable to find that she had been exposed to any 
ease of poliomyelitis prior to Harry A's illness, or that any 
cases of the disease had developed among those with whom she 
came in contact after she left the A family, as might have 
happened had she been a carrier. 

16. In estimating the above incubation periods, we are fully aware 

of the dangerous ground on which we tread, and wish it to be 
understood that we regard them only as probable. 

17. Pasteur, W. : An Epidemic of Infantile Paralysis Occurring in 

Children of the Same Family. Transactions of the Clinical 
Society of London, 1897, XXX, 143. 

18. Emersox, Havex : Personal communication, 1916. 

19. Reece: Proc. Roy. Soc. Med. (Epid. Sec), 1911-12, V, 59; 

Report of Med. Officer, Local Govt. Board. 

20. We should not regard the positive globulin without the presence of 

alterations in the cellular content as having any special 
significance. 

21. Loc.cit. 

22. Leegaard, Chr. : Kliniske og Epidemioliske Undersogelser over 

der akuten Poliomyelit i Xorge. Yidensk. Selsk. Skr. 
Christiania, 1909. 

23. MuLLER, Edward: Die spinale Kinderlahmiing — Eine klinische 

und epidemiologische Studie. Berlin, 1910. 

24. Loc. cit, 

APPENDIX. 

We wish to put on record two experiments which were performed in 
reference to the mode of transmission of the virus of poliomyelitis. 

Experimental attempt to demonstrate the virus of poliomyelitis in 
money. Through the Health Department, a considerable amount of paper 
and silver money was collected from persons in houses exposed to polio- 
myelitis. The money was collected in a large, clean, freshly boiled 
museum Jar which was fitted with a tightly fitting ground glass cover. 
It was placed directly into the jar by the persons from whom it was col- 
lected. The money was shaken with a small amount of normal saline 
solution; the mixture filtered through a Berkefeld filter and the filtrate 
injected by Dr. G. W. McCoy, into a brain ventricle and the peritoneal 
cavity of a healthy Macacus rhesus monkey. Dr. McCoy reports that this 
monkey did not show any symptoms. 

Experimental attempt {in association with Dr. Kenneth D. Blackfan) to 
demonstrate the virus of poliomyelitis in dirt. Previous to the fumigation 
of the apartment and just at the time of the removal of the children from 
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the B apartment (September 25), to the poliomyelitis hospital, the room in 
which they had remained most of the time of their illnesses was carefully 
swept The sweepings which ccmtained dost, lint, hair, hairpins and a few 
fruit seeds w^re placed in a clean, freshly-boiled museum jar, fitted with 
a tight cover. The material was dry and small in amount 

On October 18, the sweepings were covered with a small amount of normal 
saline solution and left to soak over night in the laboratory. On the 
following day the mixture was shaken and filtered through a Berkefeld 
filter. Under ether anssthesia, 2 c. c. of the filtrate were placed in the 
right lateral ventricle and 5 c. c into the peritoneal cavity of a small 
female Macacus rhesus monkey No. 8. This monkey had been in the 
laboratory for about four years. She appeared healthy. 

The monkey remained well for two days after the injection but then 
became ill and showed weakness in her left hind leg. On the third day 
her right hind leg was also weak and, when moving, she dragged her hind 
parts. The illness in every way appeared to be comparable to that observed 
in Monkey No. 1. She did not develop, however, any prolapse of the 
rectum. On the fourth day she appeared very ill, her respirations were 
rapid, 50 per minute. 

While under observation at this time she fell, fracturing her skull. 

At necropsy the internal organs appeared normal except for hyperplasia 
of the lymph nodes of the intestines, spleen, lungs, mesenteric and 
bronchial lymph glands. The lumbar and dorsal cord was hypersemic and 
(edematous and there were small hemorrhages in the gray matter of the 
anterior horns of this region of the cord. The brain and cervical cord 
appeared normal except for slight congestion and haemorrhage — the latter 
could be readily referred to fracture of the base of the skull. Microscopical 
examination of the cord revealed, however, little more than that seen in 
the gross. There were numerous hemorrhages into the gray matter of 
the lumbar and dorsal cord. Many of the nerve cells in this region stain 
deeply but there was no definite cellular infiltration. Six dorsal root 
ganglia were examined without revealing anything. Pieces of the lumbar 
cord of this monkey were taken aseptically and preserved in 50 per cent 
glycerine. 

Dec. £, 1916. A thick emulsion in physiological salt solution of the 
glycerinated cord of Monkey No. 8 injected into Monkey No. 9. 

One cubic centimeter was placed in the right lateral ventricle and 6 c. a 
into the peritoneal cavity. 

Decem^ber 12, 1916. A thick emulsion in physiological salt solution of 
another part of the glycerinated cord of Monkey No. 8 injected into Monkey 
No. 6 (Monkey No. 6 had teen used 6 weeks previously, in Experiment I 
(<f), hut had remained perfectly well). 

Two cubic centimeters of the emulsion were placed in the left lateral 
ventricle and 2 c. c into the peritoneal cavity. 

Both of these monkeys have remained well up to the time of writing, 
January 22, 1917. 
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PAPILLOMA OP THE LARYNX. 

REPORT OP A CASE TREATED WITH RADIUM. WITH RESULTANT 
CHRONIC DIFFUSE THYROIDITIS. 

By WM. C. DUFFY, M. D. 

(From the Department of Pathology of The Johns Hopkins University, 

Baltimore, Md,) 

The well-known tendency of papilloma of the larynx, to recur 
together with the rareness of study of the effect of radium on normal 
tissues, makes the autopsy on this case of recurrent papilloma, in which 
marked changes occurred in the thyroid and neighboring soft parts, 
one of unusual interest and importance. 

Literature. — In the literature, no autopsy was found on any similar 
case, and clinical reports are relatively infrequent. Those reported up 
to 1913 were reviewed in that year by Harris, whose paper includes 10 
from the literature and adds six new cases. Collectively, the results 
are very encouraging. Individually, the cases are somewhat sparse in 
data concerning the ultimate result. 

Epttohes or Habbis' Cases, 

Cask 1. — ^A woman, aged 30, had had aphonia and attacks of choking 
cough from 1893 until 1898. Papillomata were removed on three occasions. 
The treatment included preliminary tracheotomy with laryngotomy, exci- 
sion, and cauterization. In 1907, 20 mg. of radium had been applied for 
only a total of 20 minutee (on account of irritability of the throat). Two 
years later there was a recurrence. " At present she talks loudly and 
plainly. The attending laryngologist has once snipped off a little bit of 
growth, but he regards the case as practically cured." This according to 
Harris is the first case of papilloma of the larynx treated with radium. 

Cask 2. — An elderly woman had had operations for papillCHnata of the 
larynx extending over 47 years. In 1908, after radium treatment " a large 
part rapidly disappeared; up to the time of her death three years later 
there was no recurrence." (Cause of death not stated.) 

Case 3. — In this instance the patient was a girl, aged 17. In 1910 shortly 
after the onset of hocurseness papillomata were excised but rapidly recurred 
and were again removed. In June, 1911, aphonia and stridor developed 
and after tracheotomy 100 mg. of radium bromide were drawn into the 
larynx and allowed to remain for 30 minutes. Three months later no 
trace of the growth could be seen and at the time ot writing the cords 
appeared perfectly healthy without scarring and the voice was normal. 
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Cask 4. — A woman, aged 34, who had had hoaraeneas for sereral 
months, showed a discrete growth on the anterior commissure and left 
Tocal c<»rd. Radium was applied in 15 sittings which totalled nine hoars. 
The mass entirely disappeared, but the duration of the cure is not stated. 

Case 6. — ^A man of 40, with a husky T<Hce for the 10 years proTioos, 
showed a mass on the anterior portion of the left cord and inflammati(m of 
the entire larynx. Radium was applied altogether for 14 hours and the 
growth disappeared. No statement as to the duration of the cure is made. 

Case 6. — A w(mian, aged 43, had had complete aphonia for three years. 
Papillomata covered the walls of the larynx. One hundred milligrams of 
radium were applied for 35 minutes in March, 1913. At the end of eight 
weeks only a number of small tags remained. When seen on May 29, 1913, 
the larynx was entirely dear except for a small mass on the right arytenoid. 
The Toice was strong. 

Thus there is one patient (Case 3) perfectly well after two years. 
In the other eases there is either still a residuum or else the length of 
cure is not stated. 

Bpitoicks or ths Thbbe Cases or Poltak as Cited bt Haseis. 

Case 1. — A w(mian of 26, who had had several previous operations for 
papilloma of the larynx, was treated with 15 mg. of radium bromide applied 
through the mouth in 16 sittings which totalled over 17 hours. This was 
followed by a recurrence of the papilloma after one year. Radium was 
about to be reapplied at the time the case was reported. 

Case 2. — A child of 9 years, with a history of laryngo-flssure, excision 
and repeated recurrence of the papillomata, was treated with radium which 
was applied through the external opening for 21 hours altogether. The 
amount of radium was not mentioned. The growth disappeared and a 
recurrence after four months in turn disappeared after the application of 
radium for eight and one-half hours in five sittings. There had been no 
recurrence at the time of the report 

Case 3. — In a man of 35, who had been treated for papillcmia of the 
larynx for one and one-half years by various methods, radium was i4>plied 
for 20 hours in 15 sittings. This resulted in an entire disi^pearanoe of 
the growth with only a residual thickening of the right vocal ccHrd. No 
recurrence took place (length of time not stated.) 

Harris also mentions the case of a patient referred to by Killian at 
the Third International Laryngo-Rhinological Congress as "cured,** 
who suflfered a relapse and later was cured (again) by the Roentgen 
rays. He has also noted three cases treated with radium by Mazzochi, 
but does not state the latter*s residts. 

Certain points of similarity to the case to be considered call to mind 
the most historically important case ' ever recorded — ^that of the late 
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Emperor of Germany, who in 1888 succumbed to an analogous affection. 
In 1886 he began to suffer from hoarseness, following a succession of 
obstinate colds, and a small growth was seen on the left vocal cord. 
This was destroyed as thoroughly as possible with the electric cautery, 
but returned and spread rapidly. Six months after the onset frag- 
ments were excised and submitted to Professor Virchow. They showed 
only a hard, warty growth with no evidence of malignancy. The tumor 
returned after one month's amelioration of the symptoms, and the 
electric cautery was again applied. Within three months there was an 
accentuation of the symptoms and an authoritative clinical diagnosis 
of cancer was made. Badical removal was refused. A little more than 
a year after the onset a tracheotomy became necessary for dyspnoea. 
Miscroscopic examination, at this time, of expectorated particles was 
made by Waldeyer, who pronounced the condition cancer. Four 
months later another examination, by Virchow, resulted in no proof 
in the latter's mind of the existence of cancer. A month later it was 
evident that perforation into the oesophagus had taken place. The 
post-mortem made on June 16, 1888, by Professor Virchow showed 
that the condition was one of cancer of the entire larynx and replace- 
ment by a large abscess cavity. 

Case Repobt. 

A colored male infant, aged 3 years at death, had been treated for about 
a year by repeated exclaion, cauterization, tracheotomy and radium, for 
papilloma of the larynx* A^ autopsy there was chronic diffuse thyroiditis, 
acute necrotizing laryngitis and tracheitis, tracheo-esophageal fistula and 
bronchopneumonia. 

Clinical History. — ^W. W., aged 3 years at death (General No. 107703, 
Autopsy No. 4596), was first admitted to The Johns Hopkins Hospital 
November 21, 1913. 

The family history was negative. 

The child had had *' cholera infantum " for one month in his first 
summer. For two months previous to his first admission he had had 
" snuflQes." At this time he was admitted with the complaint of the dis- 
covery four days before of a swelling under the jaw which appeared to 
the mother to have increased considerably in size during this short time. 
In the throat dispensary a report was made that there was nothing in the 
nose or throat to account for the condition. The mass in the neck began 
at the angle of the right Jaw and extended under the Jaw to the mid-line 
of the neck. The spleen was slightly enlarged and palpable. The neck 
was retracted somewhat. Lumbar puncture was negative; aspiration of 
the swelling in the neck also was negative, a small amount of serum 
obtained showed no growth on agar. 
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The temperature remained at 103* F. for three days. A clinical diagnosis 
of acute cervical adenitis was made and he was discharged as improved. 

On December 18, 1913, the child was brought to the dispensary with a 
history of paroxysmal coughing for a week. A diagnosis of pertussis was 
made. 

The child was not seen again until February 17, 1916, when he was 
brought back and a history of difficult breathing was obtained. When 
frightened he would be unable to make a sound. At this time the diagnostic 
possibilities were recorded as tetany, papilloma of the larynx, and 
Iar3rngiti8. 



Fio. 1. — Very low magnification of a section 
through one of the papilloma masses removed 
at operation early in August, 1915. See text. 

March 3, 1915. — A mass of adenoids was detected in the naso-pharynx 
and it was thought enlarged lymph glands were felt behind the posterior 
wall of the pharynx. The mother stated that the child had been very hoarse 
for about four months and that, while he occasionally " spoke," most of 
the time he " whispered." Several attacks had occurred during which he 
could not get his breath and his chest was retracted. 

On March 9, 1916, the child was admitted to the hospital. The larynx 
was examined and the following note made: ''Epiglottis seems quite 
normal. No true cords seen, but soft masses, larger on the left, fill the 
larynx. Very little space for air. These masses move with respiration 
and seem attached to the true cords." On March 27, 1915, 564 mg. of radium 
element were applied for six hours and forty minutes, one and one-half 
inches from the skin surface. A radium burn the size of a quarter appeared 
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under the chin and on April 17, 1915, there was still considerable growth 
on each cord. 

The skin burn healed, but by June 10, 1915, large polypi had developed 
on both false cords. The patient, however, was able to talk intelligibly, 
whereas before treatment he had been unable to speak. 

On June 26, 1915, a tracheotomy was performed and the growth was then 
fulgurated. 

On July 22, an attempt to apply radium intralaryngeally was not 
successful; the radium was in the larynx only a few minutes. 

On Aug. 7, 1915, large masses of papilloma were removed from the 
aryteno-epiglottidean folds and from the ventricular bands. The true 
cords were not Involved. 



Fig. 2. — Somewhat higher magnification of the preceding 
structure. The field shown includes portions of two epithelial 
processes and fibrous stroma. 

Microscopic Note on Tissue Removed Aug. 7, 191.5. — The tissue was 
removed at a time when there had been no direct radium exposure but 
only an external application on March 27, over four mouths before. The 
section shows a pedunculated squamous-epithelial papilloma. The surface 
is smooth, but shows numerous convolutions and sulci. The epithelium 
rests on a narrow central core of connective tissue which contains blood- 
vessels showing no thickening. The epithelium has a well-defined basal 
zone composed of somewhat irregularly palisaded cylindrical cells. 
Toward the periphery the cells rapidly became larger and more cuboidal 
and show abundant inter-cellular spines. On the surface they are some- 
what fiattened but no definite keratinization is present. In the basal 
layers occasional mitotic figures could after some search be found; they 
were not numerous and were not found at all in the more external layers. 
The cells of the latter were strikingly large and pale with vesicular 
nuclei, both nucleus and cell being of a fairly constant cuboidal or oval 
outline. There was no tendency to formation of epithelial pearls. 
32 
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Section through a bit of the pedicle shows a continuation of the con- 
nective-tissue core of the papilloma with marked round-cell infiltration 
and occasional single cells or small groups of cells, which are similar in 
appearance to the type of cell of the tumor pr(H)er. These, however, must 
be admitted to be a negligible evidence of invasive tendency. 

Diagnosis: Benign papilloma of the larynx. 

On Aug. 25, and Sept 10, 1915, the laryngeal growths were fulgurated 
and tracheotomy tubes were changed. The patient had complete aphonia. 
On Sept. 28, 1915, when the larynx was found to be filled with grape-like 
masses of papilloma, 103 mg. radium element were introduced into the 
larynx in a soft rubber catheter and allowed to remain for 45 minutes. 
On October 30, radium treatment was attempted but failed; the catheter 
could not enter the larynx on account of large masses of papillomata. On 
November 5, 100 mg. of radium were introduced in a small catheter 
through the tracheotomy opening and left in the larynx for one and one-half 
hours. Similarly, on November 20, the radium was inserted and left for 
two hours. The papillomata appeared smaller, their color pale and 
greyish. On December 21, 1915, radium was again inserted (" with more 
ease than on previous occasions") and left in for an hour and fifty-five 
minutes. On Dec. 28, the patient had a coughing attack in which milk 
was expelled through the tracheotomy tube. Several attempts were made 
to pass a stomach tube but each time the tube entered the trachea. The 
patient was discharged on January 13, 1916, still coughing liquid through 
the tube. 

On February 5, 1916, he was again admitted to the Harriet Lane Home. 
Since his discharge he had had a cold with almost constantly high fever. 

On examination he appeared to be in considerable discomfort on account 
of obstructed respirations through a dirty tracheotomy tube from which 
a foul-smelling blood-stained muco-purulent material issued. There was 
dulness at the right apex and over the right back. The patient's condition 
continued bad. The temperature ranged from 102° to 104° F. Efforts at 
gavage showed that the tube entered the trachea instead of the esophagus. 
Exitus occurred on February 16, 1916. 

Autopsy No. J^oOO. — The body is that of a small, emaciated, colored male 
infant, 82 cm. in length. In the mid-line of the neck anteriorly is an 
incision 2 cm. in length. Aside from the extreme emaciation there is 
nothing else remarkable about the exterior of the body. 

Neck Organs. — The tongue, trachea, esophagus, tonsils and soft palate 
were taken out en masse. The tongue shows nothing remarkable. At the 
bifurcation of the trachea is seen a group of enlarged lymph glands 
measuring about 2 x 3.5 cm. Anteriorly, in front of the trachea and on 
the right side, may be seen three or more similar glands. These glands 
are rather soft and on section show nothing remarkable save that they 
are spongy and red, apparently owing to congestion. The trachea is 
opened from behind and similarly the esophagus and the larynx are 
exposed. The normal diaphragm between the trachea and the esophagus 
for a distance of 5 cm. below the lower level of the larynx has disappeared 
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Fio. 3. — Posterior view. The borders of the 
tracheo-oesophageal fistula are seen at F, 
= (esophagus. T = lateral lobes of thyroid 
encroaching on the lumen of the trachea. 

P = papilloma just below which is the lighter Fig. 4. — The larynx (L) has been 
colored area of the inflammatory zone. The opened from behind. The destruction of 
uvula and surrounding parts of the larynx its soft part is shown. / = tracheotomy 
look slightly thickened. Note the shaggy ne- incision. A mass of glands is present at 
erotic pseudo-membrane covering the thyroid, the bifurcation of the trachea. 
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so that a fistula exists between the esophagus and the trachea. The edges 
of the esophagus in this area are seen as frayed-out bits of tissue which 
are yellowish grey in color. Looking into the larynx from behind one sees 
the exposed surface of the arytenoid cartilage on the right The true and 
false cords are both destroyed. No trace of either remains. The firm 
white wart-like process in the right recessus pyriformis appears to be the 
only residuum of neoplastic character. Looking forward in the mid-line 
may be seen the tracheotomy opening which was made between the two 
lobes of the thyroid gland. The necrotic inflammatory process, which has 
been referred to, extends downward to below the point where the esophagus 
and the trachea part and its advancing edge is rather sharply defined. In 
an upward direction the infiammatory process extends into the cavity of 
the larynx itself involving practically all its internal structures as far 
upward as the base of the epiglottis and laterally into the laryngeal fossae. 
The tonsils are small; the uvula is thickened. 

Thyroid. — There seems to be a definite constriction of the tracheal 
lumen by the lateral lobes of the thyroid which, on the right and over a 
less extensive but similar region on the left, are seen projecting Into the 
lumen of the trachea. The internal surface of the thyroid and trachea in 
this zone is covered with a grey necrotic-looking pseudo-membrane. 

On gross examination the thyroid is appare9tly not enlarged. It is 
of a firm, very dense consistence. On section it cuts with greatly increased 
resistance more like solid fibrous tissue than thyroid; the cut surface is 
a grey yellowish color with no grossly visible translucent areas of colloid. 
Here and there one discerns bands of whiter fibrous tissue. Sections made 
horizontally through either lateral lobe show that the capsule of the 
gland blends imperceptibly with the surrounding fibrous tissue and muscle, 
its location being indicated only by minute spaces, just visible at close 
range, which on miscroscopic examination proved to be the capsular 
vessels. It is of note that the thyroid was not recognized as such at 
autopsy. So dense a consistence and such an altered appearance did these 
masses, exposed through the wall of the trachea, present, that they did not 
suggest thyroid tissue at all. Following the discovery of the changes 
which had taken place in the tliyroid after microscopic study had been 
begun, the entire gland was sacrificed, serial blocks made and sections cut 

It should be noted that there seemed to be a relatively small amount of 
lymphoid tissue in the thymus for one of such an age. 

The remainder of the gross description is not of interest save that an 
extensive bronchopneumonia was present. 

Microscopic Study. 

Broadly, the points of interest are the study of the neoplastic 
remains, and the changes which have taken place in otherwise normal 
tissue as a result of radiation or inflammation. The former will be con- 
sidered first. 
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Section Through the Papilloma Which tva^ Present in the Pyriform 
Fossa, — There has probably been some shrinkage. At present the 
papilloma, as seen in the section, measures 3.5 mm. in length x 0.5 mm. 
in height. The zone of necrotizing inflammation does not reach the 
papilloma, stopping a few millimeters " below '' it at one side of the 
section. The papilloma shows no necrosis ; its cells everywhere take the 
stain well. At its upper end the transition from mucous membrane 
to tumor is gradual, the epiihelium becoming progressively thicker. 
At the upper extremity the tumor projects over the surface of mucous 
membrane for a distance of 1.5 mm. The papilloma is composed of 



Fig. 5. — Section through the papillomatous process shown at P in 
Fig. 3. The mucous membrane is thickened and slightly irregular 
to the left of the pedicle. 

layers of epithelial cells which correspond to the different layers of the 
normal mucosa, but the cells of the individual strata are considerably 
increased in size and numbers. There are no epithelial pearls. In 
the papilloma are seen cross-sections of blood-vessels, about each of 
which are one or two layers of basal-celled epithelium which shades off 
into the surrounding, more lightly staining cells. A few mitotic 
figures are found in these circum vascular basal layers. The basal layer 
of the papilloma is well demarcated from the underlying stroma. Its 
cells are perhaps not so regularly arranged as in the normal mucous 
membrane, and one finds an occasional mitosis. In one place is a small 
down-dipping of epithelium, the cells of which are fairly regular, 
however. It is notable that one finds more evidence of cellular activitv 
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Fig. 6. — Higher magnification through the stmcture shown in Fig. 5, 
including one of the basal-celled areas at the left. To the right the vesicular 
type of cell which was seen in Fig. 2 is well shown. No mitoses. 



Fio. 7. — Section through one of the processes 
to the left of the papilloma shown in Fig. 6. 
Heavily chromatinized cells may be seen. 
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in the basal layers of the mucous membrane to either side of the 
papilloma, a probable indication of diffuseness or spreading of the 
process. Here the epithelium is about three times its normal thick- 
ness ; the small mucosa blood-vessels are increased in numbers and the 
epithelial processes extend into the stroma for short distances. The 
lowest layers of these processes have lost their regularity ; the demarca- 
tion between epithelial process and stroma is vague, and in a few 



Pig. 8. — Vertical transection through first two rings of trachea. On 
the surface is shown hypertrophic squamous epithelium which is becom- 
ing columnar below the first ring. The necrotic surface zone is shown, 
below which level in the thyroid the fibrosis is evident. Mucous glands 
between the two rings. 

instances one would be at a loss to designate an appropriate place for 
the "basement membrane," since numbers of small aggregations of 
epithelial cells lie in the stroma. These do not resemble small processes 
cut at varying angles, but their lack of arrangement, together with the 
indefinite basal layer of the adjacent mucous membrane, gives the 
impression of their having grown through into the connective-tissue 
stroma. Just at this point there are a number of small blood-vessels 
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seon in longitudinal section entering the mucosa from below and pass- 
ing through the groups of cells just mentioned. In these latter groups 
no mitoses are found. Below the epithelium, throughout this section, 
may be seen a varying amount of round-cell infiltration, including a 
few plasma cells and a number of lymphocytes. In the stroma, in 
front of the advancing edge of necrosis above referred to, may be seen 
a more striking picture. Large numbers of plasma cells and eosino- 
phils are seen. Of the latter, a few are polymorphs, but many are 
mononuclear. (No striking number of eosinophilic leucocytes was 
found in any of the other sections. ) 

Section through the lymph glands at the bifurcation of the trachea 
shows only an acute lymphadenitis. 

Sections Through the Thyroid and Cross-Sections of the Upper 
Three Tracheal Rings. — The necrotizing process involves the mucous 
membrane downward for a distance of about two-thirds the length of 
the section. Just below this point one reaches the level of the first 
ring of the trachea, and here one sees a moderate degree of epithelial 
hyperplasia. Below this level one sees metaplasia of the epithelfum 
from squamous to columnar. Normally, the squamous epithelium 
gives way to columnar just below the vocal cords. Hence this hyper- 
plasia and metaplasia are remarkable. In addition to its presence 
at such a low level, the squamous epithelium in this block shows 
moderate hypertrophy, well shown in one of the photomicrographs. 
Under a higher magnification occasional nuclei suggesting mitoses 
are seen. 

Sections through the left side of the entrance to the larynx show 
some epithelial hyperplasia. In a few instances cells may be seen 
extending into the stroma from the hypertrophic processes. 

Microscopic Study of the Thyroid and Cervical Tissues. — The thy- 
roid gland and surrounding tissue were cut in serial blocks, after 
fixation, embedded in celloidin and paraflfin. Sections were stained 
with hematoxylin and eosin and by the van Gieson method. Paraffin 
sections were stained with methylene blue and eosin. Examination 
of sections shows a remarkable universal chronic diffuse thyroiditis. 
This consists principally of a widespread fibrosis associated with 
changes in the parenchymal epithelium. In some areas there is a 
marked hyaline change in the fibrous tissue, whereas other areas are 
present in which the connective-tissue cells are less rich in fibrillar 
substance, are spindle-shaped and contain numerous nuclei showing a 
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Fig. 9. — Section through thyroid and the necrotizing inflammatory process 
which covered the interior of the larynx and surrounding surfaces. The darker 
zone marks the advancing edge of the acute process. The diffuse flbrosis of the 
thyroid with diminution in number of acini is striking. Practically no colloid 
in this area. 



Fig. 10. — ^A higher magnlflcatlon of the thyroid. The relative variety of acini, 
absence of colloid, and tremendous fibrosis without acute cellular reaction, are 
shown. The epithelium is flat or low cuboid. 
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fairly rich chromatin content. One nucleus was seen with its chromatin 
collected into from 12 to 15 densely staining spheres. These areas of 
young connective tissue are less extensive than those of the adult 
tissue which predominates throughout the thyroid gland, infiltrates the 
capsule of the latter, firmly encircling the capsular vessels, and extends 
into the neighboring soft parts with a marked involvement of the 
adjacent muscles, many of which are largely replaced by fibrous tissue. 
(Care was used in discriminating tendons from fibrosis.) The carotid 
artery is involved in this mass, but itself shows no marked changes. 
One of the parathyroids at the left lower pole was sectioned and shows 



Fig. 11. — Low magnification 
througli periphery of left lobe. 
Beyond the thyroid is the greatly 
thickened capsule. The fibrosis 
extends into adjacent muscle. 

no definite fibrosis in its parenchyma or other change save that it lies 
in a more dense tissue than normally. Several nerves seen in the sec- 
tions lie in a dense fibrous tissue. 

The thyroid acini vary in size, but mostly tend to be quite small, of a 
type and size consistent with the age of the patient. Comparatively 
few acini have the average size found in glands of normal adults. The 
epithelial lining is mostly cuboidal or flat; no definite hypertrophy is 
found anywhere ; no columnar or even low columnar epithelium. There 
is a scant amount of (colloid present, which seems in some sections more 
abundant on the side of the gland away from the necrotizing process. 
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In many acini there is a faintly staining, finely granular material 
which is evidently a much attenuated colloid. Evidence of epithelial 
degeneration is not wanting. One sees in acini of various sizes small 
groups of the lining epithelium which stain poorly — both nucleus and 
cytoplasm. In the thick stroma may be seen occasional groups of epi- 
thelial cells which are possibly residuals of destroyed acini. In agree- 
ment with this supposition one sees several instances of actual growth 
into acini of processes of fibrous tissue — certainly a rare phenomenon. 
Various phases of it may be seen, from single involutions to the pro- 
trusion into a vesicle of a bared tuft of connective tissue. Frequently 



Fig. 12.— a tuft of fibrous tissue which has 
broken into an acinus. 

the epithelium at the point of invasion is of feeble staining ability, but 
not always. The acini showing this invasion are always devoid of or 
show only the faintest trace of colloid. 

Frequently in the acini are found groups of exfoliated epithelial cells. 
These cells tend to have a more eosinophilic cytoplasm than the lining 
cells. In many acini fairly numerous red blood cells occur. This has 
been noted by Welch as occurring rather commonly in the normal 
gland and is of no significance here. 

There is no apparent difference in the degree of fibrosis between the 
portion of the gland which extends below the level of the tracheal 
necrosis and elsewhere. 
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Bordering the tracheal lumen is a well-defined band of necrotic 
tissue 2 nun. thick. At its advancing edge it has extended into the 
thyroid gland. In the vicinity of this necrotic zone there is marked fresh 
granulation- tissue reaction with many young capillaries. The small 
vessels throughout the thyroid show marked thickening and endarter- 
itis. This latter change may be seen well in older vessels near the zone 
of acute inflammation, where one was found of such a size and appear- 
ance that it simulated slightly a healed miliary tubercle. There was no 



Fig. 13. — Section through necrotic zone and border of thyroid; an obliterated 
vessel is shown at the left. One of the capsular veins may be seen lying in a 
mass of fibrous tissue. 

necrosis, and one could detect a minute lumen with a few red blood 
cells. In the acute necrotic zone every trace of normal structure is 
destroyed. At the advancing edge there is a marked cellular reaction, 
consisting of polymorphs and mononuclears, many of which are plasma 
cells. 

Sections Through the Skin Edge of the Tracheotomy Wound, Sub- 
cutaneous Tissues, Muscles and One of the Lateral. Lobes of the Thy- 
roid. — The edge of the incision throughout the different strata shows a 
necrotic zone. The cellular reaction here, however, is not intense. 
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There is a marked thickening of the subcutaneous tissue. Sections 
through the necrotizing membrane, stained with methylene blue, show 
numerous spirilla and fusiform bacilli in the necrotic zone. 

It seems of considerable interest that the changes described in the 
thyroid and surrounding tissues of this case in which a known etio- 
logical factor was present correspond exactly with the pathology of the 
rare condition which was first observed by Biedel" in 1883. This 
is a "strumitis/^ or ^'thyroiditis'* (sometimes the gland not being 
enlarged) which involves diffusely, in the great majority of cases, 
all lobes of the thyroid — a chronic inflanmiation of unknown etiology 
associated with a degeneration of the parench3rma and a fibrosis of the 
gland, in part or as a whole, together with the surrounding soft parts. 
The cases which have been reported are most i^markable clinically, 
because in most of them the indurated mass consisting of gland, cap- 
sule, muscles, etc., simulated perfectly a malignant thyroid. Thus in 
RiedePs first case: A man, aged 42, for half a year had noticed an 
enlargement of the thyroid and increasing respiratory diflSculty. On 
examination there was not a very large, but extraordinarily hard, 
immovable, bilateral tumor of the thyroid. The diagnosis of a malig- 
nant struma was made. At operation it was seen that the tumor on 
both sides had grown fast to the carotid artery and internal jugular 
vein. A small piece of the internal jugular was resected, together with 
a walnut-sized piece of the thyroid, and the wound closed, the condi- 
tion being considered inoperable. Microscopic examination showed no 
trace of malignancy or tuberculosis (syphilis was denied by the patient) . 
The patient made a complete recovery, his respiratory diflSculty disap- 
peared, he was delighted with his condition and returned to work in the 
course of a year. Microscopic examination showed only a chronic 
inflammatoiy condition. Riedel did not publish this case for 12 years, 
until, in the course of over 300 operations for goitre, he came upon a 
second of its kind : A woman, 23 years old, for a year had noticed that 
her neck was becoming thicker ; for more than two months the goitre had 
grown quite rapidly and become strikingly firm and fixed. Respiratory 
diflSctdty would ensue on exertion with slight palpitation and finally 
dysphagia appeared. On examination a goitre the size of a hen's egg on 
the right and the size of a small apple on the left was found; it was not 
definitely movable with the trachea. She had an outspoken goitrous 
voice. The pulse was 90. At operation (January 8, 1896) such an 
enormous involvement of the large vessels and N. recurrens was present 
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that removal of the tumor was deemed impossible ; only a small piece 
was taken out. Microscopic examination showed only an inflanmiatory 
tissue. After operation her symptoms cleared up quickly. Death 
occurred suddenly three months after the operation, probably from 
embolus ; there was no autopsy. A third case reported by Eiedel is 
very interesting, in that the progress of events was followed for 14 years, 
at the end of which time the patient was still well and was at work. 
This case is one of the few in the literature in which the gro\^th was 
unilateral. Its onset was in May, 1896, with the discovery by the 
patient of a small hard tumor in the neck, which in the course of four 
weeks had involved all the right side of the neck and impinged on the 
median line. Meantime dyspnoea appeared. At operation extirpation 
was impossible on account of involvement of the neighboring muscles, 
vessels and nerves. A small extremely hard fragment was removed. 
The operation was then abandoned, it being clear that a strumitis and 
not a tumor was present. Following this operation (July, 1896) 
there was no relief of dyspnoea, crises of asphyxia occurred, and more 
or less cyanosis was usually present At the second operation, in 
January, 1897, a piece of the isthmus, measuring 2x3 cm., was excised, 
and the trachea, which was encircled, was liberated. The asphyxial 
danger now disappeared, the dyspnoea gradually diminished and the 
mass retrogressed. When seen last in 1909 there was no trace of goitre. 
This case, as pointed out by Heineke,* disproves the one of Poncet * of 
malignant goitre and fibrous degeneration of the thyroid gland, which 
histologically was a typical EiedePs thyroiditis, but was called car- 
cinoma because of positive serological tests. 

A number of commimications have appeared since RiedePs contribu- 
tion, well reviewed by Heineke,* and by Delore and Alamartine.* 

Clinically the condition is about twice as frequent in men as in 
women. Commonly it occurs in the third and fourth decades, but a 
case was described by Cordua in a 12-year-old girl and one by Walther 
in a 60-year-old man. Often a pre-existing colloid goitre is present. 
In most cases the onset is very gradual; usually many months pass 
during the hardening process. In the early course the fibrosis is well 
limited to the gland itself; later, it may extend along the large vessel 
sheaths as high as the mandible or more rarel^r to the base of the 
skull (Tailhefer"). In most cases the whole gland is symmetrically 
and equally involved. Very rarely the process is limited to one lobe 
(B. Bicard and Spaunans"). Rarely has any other thyroid abnor- 
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malit]r been found in this disease, but Silatschek " found a cyst in a 
case of his and in one of Heineke's cases a small ^ goitre *' nodule was 
present. 

In spite of the evident attrition of glandular tissue, deprivation symp- 
toms have been observed only in two cas^ (Murray and Southam * and 
Case 1 of Heineke) . Most of the patients recover after months or years, 
the induration retrogressing. The operative indication is to remove 
only sufBcient tissue to relieve the pressure on the trachea; attempts at 
excision of large parts of the process are usually unhappy on account 
of intimate attachment to important structures — vessels and pleura. 
Histologically, there is a coarse, gross fibrosis throughout the gland 
which implicates also the surrounding soft parts, causing fixation of 
the thyroid. 

The etiology of the condition is unknown, but it is supposed to be a 
chronic inflanmiation, probably bacterial. Cases have been reported, as 
Heineke points out, which have been incorrectly attributed to tubercu- 
losis and syphilis. Klittner,* however, described a case with gummata 
in which the clinical course was similar to that of RiedeFs th)rToiditis. 

As to treatment, Delore and Alamartine attribute to the X-rays 
an almost specific action. Murray and Southam consider this diflScult 
to understand, since in exophthalmic goitre the rays are used to stimu- 
late fibrosis. Operation is indicated when there is compression of the 
trachea, but only enough thyroid tissue should be excised (usually from 
the isthmus) to free the trachea. When deprivation symptoms have 
appeared, they have come on after operative procedures. 

In reference to the difficulty attached to discriminating the reaction 
observed in radiated tissue from that which may result from an ordi- 
nary necrotizing inflammatory process, a case reported by Julius 
Broeckaert ' is of interest. This case is recorded in a paper captioned 
*' A Contribution to the Study of Spontaneous Healing in Undoubted 
Malignant Larynx Tumors.** Grossly, the vocal cords, which early in 
the clinical course had shown involvement, were free from growth, but 
the epiglottis and the aryteno-epiglottidean folds were reduced to 
scarcely recognizable structures (tiiis is well shown in an illustration). 
Here and there at the level of the upper laryngeal orifice, and par- 
ticularly toward the base of the tongue, were found papillomatous 
tumor masses (1 or more centimeters in diameter). Microscopically, 
the primary larynx tumor showed the presence of numerous irregular 
masses of connective tissue in the interior of which were enclosed 
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atypical strands and clumps of carcinoma cells. This so-called spon- 
taneous healing is attributed by Broeckaert to a necrotizing inflam- 
mation occurring in an eiysipelous laryngitis. The lungs showed 
numerous large metastatic masses. There is no record of microscopic 
examination of the thyroid. 

SUMICABT. 

The widespread chnmic diffuse thyroiditis which was found at 
autopsy in this case of papilloma of the larynx which had been treated 
with radium is particulariy interesting. This overgrowth of connective 
tissue had encircled the acini, causing involutions and actual growth 
into acini of tufts of fibrous tissue. The fibrosis had spread through 
the gland capsule and involved the surrounding soft parts. These 
changes are essentially similar to the pathological aspects of the disease 
which Riedel described in 1896. In view of the adult character of the 
connective tissue throughout the greater part of the gland, some degree 
of compression of the trachea might be expected to have been present 
during life. Any symptoms of this, however, would have been obviated 
by the tracheotomy tube, which was constantly worn from before the 
time direct applications of radium were begun. 

In addition to the chronic diffuse thyroiditis there was a superim- 
posed acute necrotizing laryngitis and tracheitis, which had practically 
destroyed the soft parts of the interior of the larynx and had caused a 
tracheo-oesophageal fistula. This process is attributed to an excessive 
action of the radium rather than to any possible discrepancy in the size 
of the tracheotomy tube. The bacterial flora is apparently a secondary 
invasive phenomenon. 

A small mass of papillomatous tissue was still present outside the 
larynx proper. It is of peculiar interest that this is one of the few 
instances in which by virtue of its location a definitely benign new 
growth is still frequently of malignant significance. That such growths 
may undergo malignant change is a mooted point, but there seems to be 
little doubt that such can take place. 

Concerning the mechanism of the thyroid changes, it would be inter- 
esting if the sequence of events could be determined. Is the endarter- 
itis that is present the prime factor in the process, which by impairing 
the nutrition of the gland causes a replacement fibrosis, or do the 
gamma-rays exert primarily a destructive action on the acinar epi- 
thelium ? One can say that there seems to be scarcely enough wide- 
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spread evidence of epithelial necrosis to warrant the latter view, and 
that in some way the growth of connective tissue appears to be closely 
linked with the destruction of gland epithelium. Evidence of this is 
supplied by the actual growth into acini of connective tissue. What- 
ever the sequence of events in this picture, it seems clear that a 
marked stimulus to the growth of connective tissue has been active. 
This view is in accord with the experimental observations of Exner, 
cited by J. C. Beck,* who in observing the action of radium on sub- 
cutaneous cancer found that development of connective tissue was the 
most active and earliest change and preceded destruction of the cancer 
cells. This reaction appears to differ only in its widespread character 
from that of an ordinary inflammation. 

In conclusion, I wish to express my thanks to Dr. Wintemitz for the 
material and facilities and many helpful suggestions, to Dr. John How- 
land and Dr. W. S. Halsted for the privilege of reporting the clinical 
side, to Dr. Admont Clark for some of the photographs, and to 
Mr. Edward P. Walker for the voluntary rendering of his excellent 
technical services in making the microscopic preparations. 
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ANALYSIS OF AUTOPSY RECORDS. 

The analysis of autopsy records which was begun two years ago with 
the co-operation of the Prudential Life Lisurance Company^ through its 
statistician^ Mr. F. L. Hoffman^ has progressed. 

Li the fall of 1915^ at a conference between a committee from the 
hospital and Mr. HofiEman, it was agreed that not only the autopsy 
protocols but also the clinical histories would have to be reviewed in 
order to standardize the clinical and anatomical diagnoses. 

A fund for the purpose, contributed to by both The Johns Hopkins 
Hospital and the Prudential Life Lisurance Company, has made this 
work possible. 

It is hoped that the volume to include the first 6000 autopsies will be 
completed during 1917. 
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AUTOPSY STATISTICS. 
CITY HOSPITALS BAY VIEW. 

Table Showing Numbeb or Autopsies Pbiob to 1913. 

No. of 
Ttar. Aotopdat. 

1908 84 

1909 76 -^ 

1910 88 

1911 92 

1912 72 

Deaths and Pebcbntaob or Autopsies in D utoeh t Dpabtm en ts, 1913-16. 

lOlt. lOU. 19U. 1016. 

Sonrtot. No. D. %A. No. D. % A. No. D. %A. No. D. % A. 

BCedical 227 39 273 38 274 46 268 54.1 

Phthisical 261 16 239 33 242 52.5 227 44.8 

Surgical 55 44 77 43 69 39 60 50 

Insane 88 3.4 86 20 67 30 42 42.8 

i 
Deaths and Autopsies 1913-16. 

^ 



Year. 


Death*. 






1913 


631 


153 


26.8 


1914 


675 


228 


33.8 


1915 


652 


297 


45.4 


1916 


697 


294 


49.1 
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REPORT OP THE PHOTOGRAPHIC DEPARTMENT. 

DuriDg the past year a feature that has added to the value of the 
autopsy records and to the interest of the weekly pathological con- 
ferences has been the work of the photographic department. This was 
started in the fall of 1915, in the hope of photographing all unusual 
gross and microscopical lesions as they occurred in the routine autopsies. 
It was felt that the protocols supplemented by such illustrations would 
convey the idea of a lesion more accurately tiian a verbal description 
alone, and furthermore, that the two weekly demonstrations would be 
more interesting and instructive if lantern slides could be shown of the 
gross and microscopical lesions which it is impossible to demonstrate 
in any other way. 

At a considerable initial outlay a dark room was built and equipped. 
A camera was purchased, and suitable stands were constructed for 
taking pictures in situ, during the course of an autopsy or subsequently, 
of individual organs or parts. A Leitz microphotographic apparatus 
was set up in the dark room. Recently a special lantern-slide camera 
has been purchased. As the amount of work increased it became 
apparent that it would be impossible for a member of the staff to take 
even the most necessary pictures. A technician wa& therefore employed 
and trained in the special methods and problems of this line of work. 
With this equipment, then, and with a trained technician, the photo- 
graphic recording of the important gross and microscopic findings has 
come to be an important integral part of the routine autopsies. 

For a member of the staff to obtain a photograph, the procedure is as 
follows : As an autopsy is being conducted, the technician is available 
at any time to photograph any imusual finding which may appear. 
Thus it is often possible to show by a picture of the organs in situ a 
lesion or relation which it would otherwise be impossible to demonstrate 
subsequently. With the completion of the autopsy, again, any organ 
or part of an organ can be photographed either in its natural size or 
magnified. By magnification it is possible to show a small lesion, 
which it would be diflScult to point out in any other way. When the 
microscopical sections have been obtained they can be brought to the 
dark room and all microscopical findings which may be of interest 
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can be photographed. These pictures are then mounted and bound 
with the proper autopsy record. Lantern slides are made of any or all 
of the plates which may be interesting for demonstration. Thus, at a 
conference it is possible to show on the screen the evidence which it 
would otherwise be difficult or impossible to demonstrate. 

These pictures have a further value. Each plate is filed away and the 
lesions are indexed and cross-indexed, so that the lantern slides and 
plates are quickly available for a lecture or demonstration at any time. 
Such a collection of photographs and lantern slides undoubtedly will 
increase in value proportionately with its size and completeness. 

A field that has not been attempted is color photography. The 
expense and difficulty of the process has so far made it prohibitive, 
yet it is hoped tlmt at some time it too will be available. 

A. H. C. 
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GENERAL IMPKOVEMENTS. 

-Many changes have been made in the laborator}\ Among the more 
important may be mentioned tlie installation of a modern morgue and 
refrigeration plant and an electric passenger elevator. 

Tiie autopsy ami)itheatre has been equipped with a projection appa- 
ratus wiiicli is illustrated below. It was designed to project histological 



preparations as well as lantern slides in a relatively undarkened room, 
and has proven very satisfactory. With it, it is not only possible to 
su|)plenient the organ lesions with " situs '' pictures, but the correlation 
of gross and histological changes, ever a ])roblem where large groups are 
concerned, has been materially facilitated. 
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DONATIONS. 

Dr. Joseph H. Hewitt^ who was graduated as a Doctor of Medicine 
of this University in 1906^ and who died on January 26^ 1916, 
bequeathed to the University his medical books, journals, and papers — 
the collection to be known as the ^^Departmental Library of the 
Department of Pathology of The Johns Hopkins Medical School.'' He 
added bank stock to the value of more than $5000, to enable the Uni- 
versity to care for the library. 
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is $3.00 per year. (Foreigm postage, 50 cents.) Price of cloth-bound volumes, |3.50 
each. 

A complete index to Vol. I-XVI of the Bulletin has been issued. Price, 50 cents, 
bound in cloth. 



Orders should be addressed to The Johns Hopkins Press, Baltimore, Kd. 
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